Modeling Health Care Systems by Shigan, E.N. & Gibbs, R.J.
Modeling Health Care Systems




Shigan, E.N. and Gibbs, R.J. (1977) Modeling Health Care Systems. IIASA Collaborative Paper. CP-77-008 
Copyright © November 1977 by the author(s). http://pure.iiasa.ac.at/735/ All rights reserved. Permission to 
make digital or hard copies of all or part of this work for personal or classroom use is granted without fee 
provided that copies are not made or distributed for profit or commercial advantage. All copies must bear this 
notice and the full citation on the first page. For other purposes, to republish, to post on servers or to redistribute 
to lists, permission must be sought by contacting repository@iiasa.ac.at 
MODELING HEALTH 
CARE SYSTEMS 
PROCEEDINGS OF A IlASA WORKSHOP, 
MARCH 28-29, '1977 




MODELING HEALTH CARE SYSTEMS 
Proceedings of a IIASA Workshop, March 28-29, 1977 
E.N. Shigan and R. Gibbs, Editors 
CP-77-8 
November 1977 
Views expressed herein are those o f  the contributors and not neces- 
sarily those of  the International Institute for Applied Systems Analysis. 
The Institute assumes full responsibility for minor editorial changes, 
and trusts that these modifications have not abused the sense of the 
writers' ideas. 
International Institute for Applied Systems Analysis 
A-236 1 Laxenburg, Austria 

PREFACE 
The biomedical task at  IIASA is part of the Research Area, Human 
Settlements and Services. The aim of the task is to  build a national health 
care system model and to arrange for it to be applied at  national centers so 
as to assist decisionmakers there. In this task, it has always been recognized 
that the IIASA team must collaborate closely with the national teams who 
are most active in this field. Accordingly, the IIASA Research Plan 1977 
envisages a variety of modes of collaboration of which the most important 
is a continuing sequence of workshops and conferences. 
This workshop, held on March 28-29, 1977, was organized by the 
IIASA biomedical group and was dedicated to the following problems: 
-- coordination of IIASA investigations with the studies of dif- 
ferent countries, especially with those countries with which 
IIASA has had no previous contact; 
- discussion about future research programs from the position 
of application of the models and orientation to  real public 
health administrative users; 
- discussion about the November 1977 conference to  be spon- 
sored by IIASA, WHO? and national centers. 
The proceedings contain all presentations that were made by the bio- 
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R.E.  Levien 
Before you begin your workshop today ,  I would l i k e  t o  t e l l  
you a  l i t t l e  about  IIASA. Th i s  i s  one way i n  which I can welcome 
you h e r e  and welcome your p a r t i c i p a t i o n  a t  IIASA. You know, 
once you have been t o  a  workshop, we cons ide r  you a  member of  t h e  
IIASA fami ly ,  and hope t h a t  you w i l l  mainta in  t h e  a s s o c i a t i o n  a s  
long a s  we have common i n t e r e s t .  And second, by t e l l i n g  you about  
what IIASA i s  doing i n  g e n e r a l ,  we may h e l p  you t o  form a  c l e a r e r  
p i c t u r e  of how o u r  work i n  h e a l t h  c a r e  systems should be shaped. 
IIASA i s  now fou r  and a  h a l f  yea r s  o l d .  We w i l l  reach  our  
f i f t h  b i r t h d a y  i n  October 1977, having been formed by 12 sc i en -  
t i f i c  o r g a n i z a t i o n s  meeting i n  London i n  October 1972. Since 
t hen ,  our  membership has  grown t o  17, from both  E a s t  and West. 
A l l  t h e  c o u n t r i e s  you come from have member organiza t ions- -and  l e t  
me emphasize t h a t  they  a r e  member o r g a n i z a t i o n s ,  n o t  member coun- 
t r i e s .  We a r e  a  nongovernmental i n s t i t u t i o n ,  which s i g n i f i c a n t l y  
a f f e c t s  t h e  way i n  which we do o u r  work. IIASA s c i e n t i s t s  do 
n o t  come a s  n a t i o n a l  r e p r e s e n t a t i v e s ,  t hey  a r e  n o t  d e l e g a t e s  of 
t h e i r  n a t i o n s ;  t hey  come a s  i n d i v i d u a l s  who work a s  members of 
i n t e r n a t i o n a l  teams. 
Now t h e r e  a r e  i n  ou r  name two ph ra ses  t h a t  a r e  impor tan t :  
" i n t e r n a t i o n a l  app l i ed" ,  and "systems a n a l y s i s " .  Each of  t hose  
sugges t s  one a s p e c t  of ou r  work. " I n t e r n a t i o n a l  app l i ed"  means 
t h a t  we d e a l  w i th  problems of i n t e r n a t i o n a l  importance,  r e a l  
problems of  i n t e r n a t i o n a l  importance,  of which we d i s t i n g u i s h  
two k inds .  The f i r s t  a r e  gZobaZ problems--topics such a s  energy,  
food,  c l i m a t e ,  t h e  oceans--which cannot  y i e l d  t o  t h e  a c t i o n s  of 
s i n g l e  n a t i o n s ,  b u t  i n h e r e n t l y  involve  i n t e r n a t i o n a l  c o l l a b o r a t i o n .  
I n  one s tudy ,  we a r e  looking  15 t o  50 yea r s  i n t o  t h e  f u t u r e  t o  
e s t i m a t e  g l o b a l  energy supply and demand; and we have j u s t  begun 
a  s i m i l a r  program f o r  g l o b a l  food supply and demand. The second 
ca t ego ry  i s  u n i v e r s a Z  problems: problems t h a t  l i e  w i t h i n  n a t i o n a l  
boundar ies  and can be r e so lved  by the  a c t i o n  of  s i n g l e  n a t i o n s ,  
b u t  t h a t  a l l  n a t i o n s  s h a r e .  Here IIASA can p l a y  an impor tan t  
r o l e  i n  t h e  exchange of  exper ience  among n a t i o n s .  That  i s  why 
you a r e  h e r e .  Heal th c a r e  system planning  i s  a  u n i v e r s a l  problem; 
a l l  n a t i o n s  have it. But because you r e p r e s e n t  n a t i o n s  t h a t  
have so lved  t h e s e  problems i n  q u i t e  d i f f e r e n t  ways, we can l e a r n  
from each  o t h e r ,  both i n  t h e  methodology of h e a l t h  c a r e  system 
planning  and even tua l ly  perhaps  i n  t h e  exchange of p o l i c i e s .  
IIASA, by spanning Eas t  and West, by spanning socio-economic and 
p o l i t i c a l  groupings,  can f a c i l i t a t e  t h e  exchange of t h e  wide 
range of expe r i ence  t h a t  mankind, under a  d i v e r s i t y  of organiza-  
t i o n a l  forms,  has  developed a c r o s s  t h e  globe.  So t h e s e  two types  
o f  i n t e r n a t i o n a l  problems--global  and u n i v e r s a l - - a r e  one f o c u s  
o f  IIASA. 
The second comes from t h e  p h r a s e  "sys tems  a n a l y s i s " .  Now 
t h a t  i s  a  t e r m  which means e v e r y t h i n g  o r  n o t h i n g ,  and q u i t e  d i f -  
f e r e n t  t h i n g s  i n  d i f f e r e n t  c o u n t r i e s .  I c a n ,  i f  I must ,  g i v e  
you a  d e f i n i t i o n ;  b u t  wha t  i s  i m p o r t a n t  f o r  u s  i s  t h a t  sys tems  
a n a l y s i s  i s  what IIASA d o e s .  W e  a r e  n o t  t r y i n g  t o  choose  a  
d e f i n i t i o n  and t h e n  make it b e  what IIASA d o e s ;  IIASA d o e s  some- 
t h i n g ,  and by v i r t u e  of  b e i n g  done a t  IIASA it becomes sys tems  
a n a l y s i s .  More s e r i o u s l y ,  w e  f e e l  an o b l i g a t i o n  a s  sys tems  
a n a l y s t s  t o  s t u d y  p o l i c y  q u e s t i o n s  i n  a  comprehensive way. T h a t  
means n o t  t o  d e f i n e  a  problem by t h e  b o u n d a r i e s  o f  a  M i n i s t r y .  
For  example,  t h e  way a  M i n i s t r y  o f  H e a l t h  sees t h e  h e a l t h  c a r e  
problem i s  r e a l l y ,  i n  a  more comprehensive view,  o n l y  a  p a r t  o f  
t h a t  problem o f  any c o u n t r y .  The f u l l  problem i n v o l v e s  t h e  
r e s p o n s i b i l i t i e s  o f  t h e  M i n i s t r i e s  o f  Environment,  o f  A g r i c u l t u r e ,  
o f  Housing,  and s o  on. So m i n i s t e r i a l  b o u n d a r i e s  a r e  n o t  what 
w e  u s e  i n  c i r c u m s c r i b i n g  a  problem. So t o o ,  t h e  p h y s i c i a n s '  
view o f  t h e  h e a l t h  problem i s  o n l y  a  p a r t  o f  t h e  sys tems  problem,  
a s  i s  t h e  n u t r i t i o n i s t s ' .  IIASA t r ies  t o  draw a  boundary around 
t h e  problem t h a t  i n c l u d e s  t h e  components a p p r o p r i a t e  t o  s o l v i n g  
a  p a r t i c u l a r  p o l i c y  q u e s t i o n .  
Now t h e s e  two f o c i - - i n t e r n a t i o n a l  and a p p l i e d  p rob lems ,  and 
s y s t e m s  a n a l y s i s - - a r e  r e f l e c t e d  i n  t h e  s t r u c t u r e  of  t h e  I n s t i t u t e .  
Work on major  i n t e r n a t i o n a l  problems w e  have o r g a n i z e d  a s  Programs. 
W e  have  an  Energy and a  Food Program, and w e  may soon have a  
Regiona l  Development Program. But  i f  w e  a r e  t o  s t u d y  t h i n g s  i n  
a  comprehensive way, w e  a l s o  need a  b road  r a n g e  o f  d i s c i p l i n e s  
a t  IIASA. W e  need  n o t  o n l y  s p e c i a l i s t s  i n  sys tems  a n a l y s i s ,  who- 
e v e r  t h e y  migh t  be ,  b u t  s p e c i a l i s t s  i n  h e a l t h  c a r e ,  i n  p o p u l a t i o n ,  
i n  env i ronment ,  i n  t e c h n o l o g y ,  who can  b e  drawn i n t o  an i n t e r -  
d i s c i p l i n a r y  team f o r  a  sys tem s t u d y  o f  t h e  problem. So w e  have 
f o u r  o r g a n i z a t i o n a l  g r o u p i n g s  o f  e x p e r t i s e ,  o r  Areas .  The group  
c a l l e d  Resources  and Environment a r e  e x p e r t s  i n  w a t e r  r e s o u r c e s ,  
n a t u r a l  r e s o u r c e s ,  env i ronment ,  and eco logy .  Human S e t t l e m e n t s  
and S e r v i c e s  i s  concerned w i t h  human r e s o u r c e s - - t h e i r  numbers, 
t h e i r  d i s t r i b u t i o n  on t h e  g l o b e ,  t h e  h e a l t h  s e r v i c e s  t h a t  a r e  
p r o v i d e d  t o  them, e d u c a t i o n ,  t r a n s p o r t a t i o n ,  communicat ions ,  and 
SO on. Not a l l  a t  one t i m e - - w e  d o  n o t  have enough s t a f f  t o  have 
competence i n  a l l  t h e s e  t o p i c s .  But w e  choose  w i t h i n  t h a t  gen- 
e r a l  h e a d i n g  c e r t a i n  t o p i c s  o f  c o n c e n t r a t i o n  a t  any one moment. 
The t h i r d  Area w e  have  i s  Management and Technology. T h i s  i s  
concerned  w i t h  o r g a n i z a t i o n  and t e c h n o l o g i c a l  c o n t r i b u t i o n s  o f  
mankind t o  t h e  n a t u r a l  endowment. And t h e  f o u r t h  i s  System and 
D e c i s i o n  Sc iences - -mathemat ic ians  and computer s c i e n t i s t s  who 
b r i n g  t o  IIASA t h e  e x p e r t i s e  i n  p a r t i c u l a r  t o o l s  t o  s t u d y  complex 
sys tems .  T h i s  week 's  t a s k  f o r c e  mee t ing  on n o n d i f f e r e n t l a l  
o p t i m i z a t i o n  i s  o r g a n i z e d  by t h e  System and D e c i s i o n  S c i e n c e s  
Area;  b u t  t h e  t a l e n t  i n  o p t i m i z a t i o n  i s  a p p l i e d  t h r o u g h o u t  t h e  
I n s t i t u t e .  For  example,  F r a n s  W i l l e k e n s  i s  working w i t h  a  member 
o f  t h a t  g r o u p  t o  a p p l y  dynamic l i n e a r  programming t o  m i q r a t i o n  
and popu la t i on  i s s u e s .  This  l i nkage  among e x p e r t s  w i th in  d i f -  
f e r e n t  Areas and between those  i n  t h e  Areas and Programs i s  a  key 
f e a t u r e  of  IIASA, is  t h e  way i n  which we form i n t e r d i s c i p l i n a r y  
and i n t e r n a t i o n a l  teams t o  d e a l  w i th  r e a l ,  a p p l i e d  problems. 
Each Area, i n  a d d i t i o n  t o  i t s  c o n t r i b u t i o n s  t o  t h e  Programs, has  
i t s  own r e sea rch  a c t i v i t i e s ,  and we a r e  meeting h e r e  t o  d i s c u s s  
one of t hose .  I t  i s  a  sma l l  t a s k  w i th in  t h e  Human Se t t l emen t s  
and S e r v i c e s  Area r i g h t  now. How it w i l l  develop  is  s t i l l  unc lea r .  
I f  we have a  Regional Development Program, t hen  h e a l t h  c a r e  p lan-  
n ing  a t  t h e  r e g i o n a l  l e v e l  w i l l  be very  much a  p a r t  o f  t h i s .  The 
Food and A g r i c u l t u r e  Program i s  c e r t a i n l y  concerned wi th  n u t r i -  
t i o n a l  and h e a l t h  q u e s t i o n s .  There could  even be i n t e r a c t i o n  wi th  
t h e  Energy Program. Then t h e r e  i s  t h e  more g e n e r a l  q u e s t i o n  of  
des ign ing  h e a l t h ,  educa t ion ,  and o t h e r  human r e sou rce  programs 
a t  a  n a t i o n a l  l e v e l  i n t o  which t h i s  i n i t i a l  e f f o r t  could  grow. 
So we have h e r e  a  seed p l an t ed  i n  one of  IIASA's Areas,  Human 
S e t t l e m e n t s  and Se rv i ce s ,  which has  p o t e n t i a l  l i n k s  t o  o t h e r  
a s p e c t s  of  t h e  I n s t i t u t e .  And one o f  t h e  purposes of t h i s  meet- 
i n g  i s  t o  s e e  how t h a t  seed  might sp rou t - in  what d i r e c t i o n s  it 
might grow. 
I want t o  s ay  only  one more t h i n g  about  IIASA, b u t  it i s  
q u i t e  impor tan t .  The r e sou rces  we have h e r e  a r e  l i m i t e d .  There 
a r e  h e r e  a t  t h e  moment about  95 s c i e n t i s t s ,  of whom 70 o r  s o  
a r e  p a i d  from c o n t r i b u t i o n s  of o u r  Na t iona l  Member Organ iza t ions ,  
which come t o  about  110 m i l l i o n  S c h i l l i n g s  each  yea r .  Another 
18  m i l l i o n  S c h i l l i n g s  come from e x t e r n a l  sources--The United 
Nat ions  Environment Programme, v a r i o u s  foundat ions .  government 
a g e n c i e s ,  and s o  on--which enab le  us  t o  expand ou r  s t a f f  t o  about  
95. But t h i s  i s  f a r  t o o  l i t t l e  t o  c a r r y  o u t  t h e  v a s t  program 
t h a t  IIASA has  s e t  f o r  i t s e l f .  IIASA was never  in tended  t o  be 
s e l f - con ta ined .  You should n o t  t h i n k  of  IIASA a s  you might a  
n a t i o n a l  r e s e a r c h  i n s t i t u t i o n ,  a s  something t h a t  i s  bounded by 
t h e  w a l l s  of  t h e  Sch los s .  We need and we use  t h e  c o l l a b o r a t i o n  
of  a  network of s c h o l a r s  and i n s t i t u t i o n s  around t h e  world.  
I t  i s  through t h i s  network t h a t  we hope t o  achieve  ou r  ambi t ious  
g o a l s .  Here i n  t h i s  room a r e  P r o f e s s o r  Atsumi, who has  been 
working i n  Japan i n  c o l l a b o r a t i o n  wi th  o u r  group; D r .  F l e i s s n e r ,  
who i s  working h e r e  i n  A u s t r i a ;  and D r .  Gibbs from t h e  UK, who 
w i l l  j o i n  u s  i n  May. I t  is  t h i s  network t h a t  forms an i n v i s i b l e  
c o l l e g e  of  c o l l a b o r a t o r s  around t h e  world: s h a r i n g  expe r i ence ,  
c o n t r i b u t i n g  t o  a  common g o a l ,  and t h e r e f o r e  a l l  b e n e f i t i n g  and 
enab l ing  IIASA t o  c o n t r i b u t e  t o  t he  r e s o l u t i o n  of major i n t e r -  
n a t i o n a l  problems. 
HEALTH CARE SYSTEM MODELING: NATIONAL EXPERIENCE 
Systems Analys is  i n  Heal th  Care 
E.N. Shigan 
The development of systems a n a l y s i s  has  t aken  a  f i r m  p l a c e  
among t h e  o t h e r  main achievements of  t h e  l a s t  decades ,  e :g.  
c y b e r n e t i c s ,  in format ion  theo ry ,  and a c t i v e  computer iza t lon  i n  
management p roces se s .  
I n  systems methodology, such concepts  a s  ' sys tem",  "systems 
approach",  and "systems ana lys i s ' '  p lay  a  l e a d i n g  r o l e .  Unfortu- 
n a t e l y ,  a t  t h i s  t ime,  no commonly used d e f i n i t i o n s  e x i s t  f o r  t h e s e  
i tems;  t h e i r  c o n t e n t ,  however, has  been determined.  
"System" r e f e r s  t o  a  group of elements  (persons ,  o rganiza-  
t i o n s ,  equipment, concepts ,  e t c . )  r e l a t e d  t o  each  o t h e r  and t o  
e x t e r n a l  c o n d i t i o n s  brought  t o g e t h e r  by some common aim. 
"Systems approach" i s  t h e  emphasis p l aced  on t h e  s i g n i f i -  
cance of  t h e  complex i n t e r d i s c i p l i n a r y  n a t u r e  of  t h e  problem, 
p roces s ,  o r  i n v e s t i g a t i o n .  ~t pays s p e c i a l  a t t e n t i o n  t o  t h e  i n -  
adequacy of  only  cons ide r ing  l o c a l l y  i s o l a t e d  s i t u a t i o n s  where 
one runs  t h e  danger  of l o s i n g  s i g h t  of  t h e  o r i g i n a l  o b j e c t .  The 
approach i s  based on a  well-known d i a l e c t i c  law concerning t h e  
i n t e r r e l a t i o n  and in te rdependence  of  e v e n t s ,  r e q u i r i n g  t h a t  each  
e v e n t  and o b j e c t  be cons ide red  n o t  on ly  a s  a  s p e c i f i c  system, 
b u t  a l s o  a s  a  subsystem of t h e  l a r g e  system. Thus, t h e  systems 
approach emphasizes t h e  n e c e s s i t y  t o  cons ide r  socio-economic, 
e c o l o g i c a l ,  and o t h e r  c o n d i t i o n s ;  i n  o t h e r  words, t h e  func t ion ing  
of t h e  system under s tudy .  
"Systems a n a l y s i s "  r e f e r s  t o  any formal  a n a l y s i s  whose purpose 
it i s  " t o  sugges t  a  course  of a c t i o n  by s y s t e m a t i c a l l y  examining 
t h e  o b j e c t i v e s ,  c o s t ,  e f f e c t i v e n e s s ,  and r i s k s  of  a l t e r n a t i v e  
p o l i c i e s  o r  s t r a t eg i e s - - and  des ign ing  a d d i t i o n a l  ones i f  t hose  
examined a r e  found want ingu* (Grundy and Reinke, 1973)  . 
The I n t e r n a t i o n a l  I n s t i t u t e  f o r  Applied Systems Analys is  is 
a  s c i e n t i f i c  c e n t e r  f o r  t h e  development of systems a n a l y s i s  meth- 
odology. I n  t h i s  I n s t i t u t e ,  t h e  d i f f e r e n t  s p e c i a l i z e d  r e s e a r c h  
s c i e n t i s t s  from many c o u n t r i e s  a r e  working on t h e  b a s i s  o f  t h e  
u n i v e r s a l  methodological  p r i n c i p l e s ,  modern mathematical  methods, 
and computers.  
 h he d e f i n i t i o n  quoted i s  by E.S. Quade. 
IIASA's b i o m e d i c a l  g roup  i s  working on t h e  development  and 
a p p l i c a t i o n  o f  s y s t e m s  methodology f o r  t h e  s o l u t i o n  o f  h e a l t h  
c a r e  prob lems  o f  i n t e r e s t  t o  many c o u n t r i e s .  
P r a c t i c a l  a p p l i c a t i o n  o f  t h e  s y s t e m s  approach  i s  n o t  new 
t o  h e a l t h  c a r e  s y s t e m s .  I f  w e  l o o k  t o  p a s t  p u b l i c  h e a l t h  
p r a c t i c e s ,  w e  can  f i n d  many good examples  o f  complex i n t e r d i s -  
c i p l i n a r y  i n v e s t i g a t i o n s  o f  t h e  p rob lems  on t h e  b a s i s  o f  a  b road  
u t i l i z a t i o n  o f  mathemat ica l  methods and compute r s .  G r e a t  con- 
t r i b u t i o n s  toward t h e  p r a c t i c a l  a p p l i c a t i o n  o f  s y s t e m s  a n a l y s i s  
i n  p u b l i c  h e a l t h  have been  made by such  c o u n t r i e s  a s  B u l g a r i a ,  
F i n l a n d ,  t h e  FRG, J a p a n ,  t h e  UK,  USA, USSR a n d  many o t h e r s ,  and 
e s p e c i a l l y  i n  t h e  WHO H e a d q u a r t e r s  and i t s  R e g i o n a l  O f f i c e  f o r  
Europe.  
The h e a l t h  c a r e  sys tem i s  c o n s i d e r e d  a  l a r g e  and complex 
dynamic s y s t e m  c o n s i s t i n g  o f  a  s e t  o f  i n t e r r e l a t e d  s u b s y s t e m s ,  
v e r y  c l o s e l y  r e l a t e d  t o  e x t e r n a l  s y s t e m s  and j o i n e d  by t h e  com- 
mon aim: t h e  h e a l t h  o f  t h e  p o p u l a t i o n  (see F i g u r e  1 ) .  A s i d e  
from t h e  h o r i z o n t a l  d i v i s i o n  o f  t h e  sys tem i n t o  a  s e t  o f  sub-  
s y s t e m s ,  t h e r e  e x i s t  v e r t i c a l  h i e r a r c h i c a l  l e v e l s :  p o p u l a t i o n ,  
m e d i c a l  e s t a b l i s h m e n t s ,  d i s t r i c t ,  n a t i o n a l ,  r e g i o n a l  and g l o b a l  
( F i g u r e  2 ) .  For  e a c h  l e v e l  we c a n  f i n d  common, s p e c i f i c ,  and 
n o n - s p e c i f i c  p rob lems .  One o f  t h e  most i m p o r t a n t  f o r  p u b l i c  
h e a l t h  a t  p r e s e n t  i s  t h e  d e t e r m i n a t i o n  o f  t h e  l i s t  o f  i n d i c e s  f o r  
e a c h  l e v e l  o f  t h i s  pyramid and e n v i r o n m e n t a l  c o n d i t i o n .  WHO i s  




Figure 1 .  Block-scht.mo of  t h ~  H(:S model. 
Another  d i r e c t i o n  i s  concerned  w i t h  t e c h n i c a l  p rob lems  and 
p a r t i c u l a r l y  d e c i s i o n s  c o n c e r n i n g  hardware .  There  have been good 
t e c h n i c a l  a d v a n c e s  i n  t h e  medica l  f i e l d .  
However, t o  r e a c h  s o l u t i o n s  f o r  management p rob lems ,  t h e  
d e c i s i o n m a k e r  d o e s  n o t  have  enough i n f o r m a t i o n  a b o u t  t h e  s t u d y ' s  
o b j e c t i v e s  and e n v i r o n m e n t a l  s i t u a t i o n ;  he  must  know t h e  l i k e l y  
outcome o f  f o l l o w i n g  t h e  d i f f e r e n t  a l t e r n a t i v e s .  
Figure 2. Different levels of HCS. 
A t  p r e s e n t ,  t h e  main method o f  e v a l u a t i n g  a l t e r n a t i v e s  i s  t h e  
o r g a n i z a t i o n  o f  n a t u r a l  exper iments  based on r e a l  o b j e c t s  such a s  
medical  c e n t e r s ,  h o s p i t a l s ,  e t c .  The o r g a n i z a t i o n  and e v a l u a t i o n  
o f  such expe r i ences  has  become i n c r e a s i n g l y  d i f f i c u l t  due t o  l a c k  
o f  f i n a n c e s ,  t h e  l eng th  of t ime involved ,  e t c .  Moreover, it i s  
sometimes imposs ib le  t o  conduct  a  n a t u r a l  experiment .  I n  t h o s e  
c a s e s  where such exper iments  a r e  conducted,  n a t u r a l  v a r i a n t s  a r e  
t e s t e d .  The major d i f f i c u l t y  encountered is  i n  making n a t u r a l  
exper iments  a t  t h e  h i g h e s t  h i e r a r c h i c a l  l e v e l  ( i . e .  d i s t r i c t ,  na- 
t i o n a l ,  r e g i o n a l ,  o r  g l o b a l ) .  Decisionmakers r e s p o n s i b l e  f o r  t h e  
development of  t h e  n a t i o n a l  h e a l t h  c a r e  system r e q u i r e  i n c r e a s -  
i n g l y  more mathematical  models t o  h e l p  l i n k  many i n t e r n a l  and ex- 
t e r n a l  b locks .  
The model h e l p s  u s  t e s t  a l t e r n a t i v e s ,  and e s t i m a t e  t h e  ex- 
pec t ed  a f t e r e f f e c t s .  With systems a n a l y s i s ,  t h e  decisionmaker 
must use  informat ion  r ega rd ing  t h e  o b j e c t  of  management, t h e  
e x t e r n a l  s i t u a t i o n ,  and f i n a l l y ,  a  s e t  o f  d i f f e r e n t  mathematical  
models (F igu re  3 ) .  
The i n v e s t i g a t i o n  of model a p p l i c a t i o n  i n  h e a l t h  c a r e  systems 
i n d i c a t e s  t h a t  most a t t e n t i o n  i s  pa id  t o  l o c a l  problems wi th  good 
q u a n t i t a t i v e  c r i t e r i a .  Such o p t i m i z a t i o n  models a r e  mainly used 
f o r  modeling t h e  a c t i v i t i e s  o f  h e a l t h  c e n t e r s ,  h o s p i t a l s ,  e t c .  
However, we f r e q u e n t l y  have t o  d e a l  w i t h  many c r i t e r i a  of  which 
some a r e  q u a l i t a t i v e .  In some c a s e s ,  it is even imposs ib le  t o  
de te rmine  any c r i t e r i a .  The re fo re ,  a s  w e l l  a s  op t imiza t ion  models 
more and more s imu la t ion  models a r e  used f o r  t h e  h i g h e s t  h i e r -  
a r c h i c a l  l e v e l s .  S ince  such s imu la t ion  models a r e  used t o  fo re -  
c a s t  t h e  behavior  of  t h e  system and i t s  components, they a r e  
sometimes r e f e r r e d  t o  a s  " p r e d i c t i v e "  i n  d i f f e r e n t  s i t u a t i o n s .  
The g o a l  o f  t h e  b i o m e d i c a l  g roup  i s  t o  d e v e l o p  a  n a t i o n a l  
h e a l t h  c a r e  s y s t e m  (NHCS) model i n  c o l l a b o r a t i o n  w i t h  n a t i o n a l  
r e s e a r c h  teams and WHO. Such a  model w i l l  h e l p  d e c i s i o n m a k e r s  
a t  n a t i o n a l  l e v e l  t o  compare d i f f e r e n t  p l a n n i n g  d e c i s i o n s  and 
t o  choose  t h e  b e s t  a l t e r n a t i v e .  Moreover,  we hope t h e  deve lop-  
ment o f  a n  NHCS model b a s e d  on i n t e r n a t i o n a l  e x p e r i e n c e  w i l l  be 
a  good m e t h o d o l o g i c a l  t o o l  f o r  t h e  development  o f  m a t h e m a t i c a l  
models f o r  o t h e r  h i e r a r c h i c a l  l e v e l s  o f  t h e  HCS. 
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Figure 3. Decisionmaking in health care. 
The s t u d y  began a t  IIASA under  t h e  d i r e c t i o n  o f  D r .  D . D .  
Venedic tov ,  and was conduc ted  by t h e  b i o m e d i c a l  team i n  c l o s e  
c o o p e r a t i o n  w i t h  n a t i o n a l  c e n t e r s .  B e f o r e  s t a r t i n g  work on t h e  
model,  t h e  b i o m e d i c a l  g roup  s t u d i e d  t h e  work done by d i f f e r e n t  
n a t i o n a l  c e n t e r s .  While working on t h e  NHCS model, we p a i d  more 
a t t e n t i o n  t o  t h e  common, u n i v e r s a l  p a r t  o f  e a c h  n a t i o n a l  s y s t e m  
t h a n  i t s  s p e c i f i c  c h a r a c t e r .  As a  r e s u l t  o f  t h e  p r e l i m i n a r y  
s t u d y ,  t h e  main components o f  t h e  model and t h e i r  i n t e r r e l a t i o n  
were  d e f i n e d .  The b i o m e d i c a l  g roup  worked w i t h  o f f i c i a l  p u b l i -  
c a t i o n s  o f  WHO, t h e  s t u d i e s  o f  d i f f e r e n t  c o u n t r i e s ,  and some 
r e s e a r c h  m a t e r i a l .  I n  o r d e r  t o  d e v e l o p  t h e  model and t e s t  it 
w i t h  r e a l  d a t a  ( e s p e c i a l l y  r e s o u r c e  a l l o c a t i o n ) ,  d i s e a s e s  were 
r o u g h l y  d i v i d e d  i n t o  t h r e e  g roups :  d e g e n e r a t i v e  d i s e a s e s ,  i n -  
f e c t i o u s  d i s e a s e s ,  and a c c i d e n t s .  
ROUTINE 
We s t a r t e d  w i t h  t h e  f i r s t  g r o u p - - d e g e n e r a t i v e  d i s e a s e s - -  
b e c a u s e  t h e y  u s e  a  l a r g e  p a r t  o f  t h e  t o t a l  m e d i c a l  r e s o u r c e s .  For  
b u i l d i n g  t h e  model f o r  t h i s  g roup  t h e r e  a r e  r e l i a b l e  s t a t i s t i c a l  
and c l i n i c a l  d a t a .  
ENVIRONMENT 
The model i s  c o n s i d e r e d  a s  a  s e t  o f  t h e  f o l l o w i n g  consecu-  
t i v e  submodels :  
OTHER RESEARCH 
p o p u l a t i o n  + m o r b i d i t y  + supply/demand + r e s o u r c e  a l l o c a t i o n ,  
and a  s t e p - b y - s t e p  approach  was used i n  i t s  development .  
SOCIAL 
- The p o p u l a t i o n  submodel.  
N a t i o n a l  s t a t i s t i c s  o f  t h e  age-sex s t r u c t u r e  o f  
p o p u l a t i o n  and i t s  dynamics were  used  i n  deve lop-  
i n g  t h i s  submodel.  These  have a l r e a d y  been  p u b l i s h e d  
(Klement iev ,  1976) .  
- The m o r b i d i t y  submodel.  
The m a j o r  d i f f i c u l t y  c o n f r o n t i n g  p u b l i c  h e a l t h  
o r g a n i z e r s  i s  t h e  e s t i m a t i o n  o f  t h e  p r e v a l e n c e  
r a t e  ( i n c l u d i n g  u n r e g i s t e r e d  c a s e s )  which r e q u i r e s  
v e r y  e x p e n s i v e  and t ime-consuming s c r e e n i n g  o f  
t h e  e n t i r e  p o p u l a t i o n .  
- The demand/supply submodel.  
F o r  t h e  n a t i o n a l  l e v e l ,  d e c i s i o n m a k e r s  need t h e  
p r e v a l e n c e  r a t e  i n  o r d e r  t o  c a l c u l a t e  t h e  demand 
i n  m e d i c a l  r e s o u r c e s .  
- Resource  a l l o c a t i o n .  
IIASA's b i o m e d i c a l  team h a s  deve loped  a  m a t h e m a t i c a l  model 
f o r  p r e v a l e n c e  e s t i m a t i o n  p r o c e e d i n g  f rom t h e  a v a i l a b l e  d a t a  on 
t h e  age-sex  d i s t r i b u t i o n  s t r u c t u r e  o f  t h e  p o p u l a t i o n ,  m o r t a l i t y  
c a s e s ,  and  c l i n i c a l  r e s e a r c h  d a t a .  The r e s u l t s  o f  t h i s  r e s e a r c h  
have been  p u b l i s h e d  ( K a i h a r a ,  e t  a l . ,  1 9 7 7 ) .  
W e  do ,  however,  r e a l i z e  t h a t  t h i s  p r e v a l e n c e  e s t i m a t i o n  sub-  
model i s  t o o  s i m p l e  an  approach  t o  a l l  d e g e n e r a t i v e  d i s e a s e s .  
F o r  t h i s  r e a s o n ,  one o f  t h e  mos t  p r e s s i n g  and i m p o r t a n t  p rob lems  
i s  t h e  t e s t i n g  o f  a  m a t h e m a t i c a l  p r e v a l e n c e  e s t i m a t i o n  model and 
i ts  c o r r e c t i o n  f rom d a t a  f o r  d i f f e r e n t  d i s e a s e s .  Upon c o n c l u s i o n  
o f  t h i s  s t e p  w e  w i l l  proceed  t o  t h e  r e s o u r c e s  submodel ,  and s o  on.  
Grundy, F . ,  and W. Reinke ( 1 9 7 3 ) ,  Hea l th  P r a c t i c e  Research ,  
PHP 51, p .  21. 
K a i h a r a ,  S . ,  e t  a l .  ( 1 9 7 7 ) ,  An Approach t o  B u i l d i n g  a  U n i v e r s a l  
H e a l t h  Care Model: Morb id i ty  Model of D e g e n e r a t i v e  D i s e a s e s ,  
RM-77-6, I n t e r n a t i o n a l  I n s t i t u t e  f o r  Appl ied  Systems A n a l y s i s ,  
Laxenburg,  A u s t r i a .  
Klement iev ,  A.A. ( 1 9 7 6 ) ,  A Computer Method f o r  P r o j e c t i n g  a  
P o p u l a t i o n ' s  Sex-Age S t r u c t u r e ,  RM-76-36, I n t e r n a t i o n a l  
I n s t i t u t e  f o r  Appl ied  Systems A n a l y s i s ,  Laxenburg,  A u s t r i a .  
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Care System I lodels  
P. F l e i s s n e r  and A.A. Klement iev  
H e a l t h  c a r e  is  becoming an i n c r e a s i n g l y  complex t a s k .  New 
t y p e s  o f  i l l n e s s  have  changed t h e  s p e c t r u m  o f  m o r b i d i t y  and mor- 
t a l i t y .  Higher  c o s t s  o f  t h e  h e a l t h  c a r e  sys tem,  combined w i t h  
a  l e v e l i n g  o f f  o f  l i f e  e x p e c t a n c i e s  i n  many c o u n t r i e s ,  c r y  f o r  
more e f f i c i e n t  p l a n n i n g  t o o l s  f o r  t h e  h e a l t h / i l l n e s s  s e c t o r .  
Mathemat ica l  s i m u l a t i o n  models a r e  c u r r e n t l y  b e i n g  deve loped  on 
a  n a t i o n a l  o r  r e g i o n a l  b a s i s  t o  p r o v i d e  b e t t e r  and more i n t e -  
g r a t e d  i n f o r m a t i o n  f o r  h e a l t h  c a r e  management. 
I n  December 1975,  t h e  p a r t i c i p a n t s  o f  a n  i n t e r n a t i o n a l  con- 
f e r e n c e  on p u b l i c  h e a l t h  c a r e  model ing,  conduc ted  by WHO and 
I IASA's  b i o m e d i c a l  g roup ,  a g r e e d  t o  i n i t i a t e  a  s u r v e y  on t h e  
c u r r e n t  s t a t e  o f  t h e  a r t  i n  h e a l t h  c a r e  models ( H C M s ) .  At IIASA, 
t h i s  work was s t a r t e d  i n  s p r i n g  1976 and h a s  now been  completed.  
The r e s u l t s  a r e  d e s c r i b e d  i n  d e t a i l  i n  an IIASA Research  Plemoran- 
dum which w i l l  b e  p u b l i s h e d  t h i s  y e a r .  Only a  b r i e f  summary i s  
g i v e n  h e r e .  
T h i r t y - e i g h t  HCMs were  c o l l e c t e d  and c l a s s i f i e d  from e l e v e n  
c o u n t r i e s  and WHO ( s e e  T a b l e  1 ) .  From t h e s e  models ,  f rom i n t e r -  
n a t i o n a l  l i t e r a t u r e  and from IIASA's  own e x p e r i e n c e  i n  model 
b u i l d i n g ,  t h e  main l i n e s  a l o n g  which a  m a t h e m a t i c a l  model i s  con- 
s t r u c t e d  w e r e  d e r i v e d .  
The d i f f e r e n t  s t e p s ,  d e s c r i b e d  i n  d e t a i l ,  a r e  a s  f o l l o w s  
( s e e  F i g u r e  1  ) : 
- Problem s t a t e m e n t ;  
- Concep tua l  framework; 
- G r a p h i c a l  r e p r e s e n t a t i o n ;  
- Choosing t h e  model ing method ( s e e  F i g u r e  2 ) ;  
- D a t a ,  e s t i m a t i o n  and t e s t s ;  
- Computer programming; 
- Running t h e  model; 
- E v a l u a t i o n ;  
- Implementa t ion .  
A t  each  s t e p ,  t h e  r e s u l t s  o f  t h e  r e v i e w  a r e  added.  
To i l l u s t r a t e  t h e  more a b s t r a c t  c o n c e p t s  o f  model b u i l d i n g ,  
t h r e e  examples o f  a c t u a l  models i n  u s e  a r e  d e s c r i b e d  b r i e f l y ,  
namely: a  macroeconometr ic  model ( U 8 ) ,  a  sys tems  dynamics  model 
(J1 ) , an o p t i m i z a t i o n  model (U1 ) . The d i f f e r e n t  methodolog ies  
and d i f f e r e n t  t y p e s  of a p p l i c a t i o n s  a r e  e x p l a i n e d .  
Tab le  1 .  L i s t  o f  model c o d e s .  
Model 
Code 
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Modeling t h e  P r e v a l e n c e  o f  D e g e n e r a t i v e  
Type D i s e a s e  
A.A.  Klement iev  
Some r e c e n t  r e s u l t s  o f  t h e  b i o m e d i c a l  t e a m ' s  a c t i v i t i e s  a r e  
p r e s e n t e d  h e r e ,  namely, t h e  l a t e s t  v e r s i o n  o f  t h e  m o r b i d i t y  model.  
The f i r s t  v e r s i o n  was p u b l i s h e d  i n  [ 1  I . 
WHY MORBIDITY MODELING? 
There  a r e  two p r i n c i p a l  r e a s o n s  f o r  t h i s .  F i r s t l y ,  d a t a  
c o n c e r n i n g  e s t i m a t e d  p r e v a l e n c e  a r e  i m p o r t a n t  f o r  h e a l t h  p l a n -  
n i n g .  T h e r e  have  been two ways t o  e s t i m a t e  t h e s e  data-- f rom 
a v a i l a b l e  i n c i d e n c e  d a t a  o r  by s p e c i a l  h e a l t h  i n v e s t i g a t i o n s .  
The method d i s c u s s e d  h e r e  c o u l d  be  c o n s i d e r e d  a s  a  supp lementa ry  
o n e  and f o r  t h e  e s t i m a t i o n  o f  p r e v a l e n c e  f o r  some d i s e a s e s  t h e  
method c o u l d  be  a  more p r e c i s e  t e c h n i q u e  i f  t h e  i n p u t  d a t a  were  
r e l a t i v e l y  p r e c i s e .  
Secondly ,  t h e  model p r o v i d e s  n o t  o n l y  t h e  e s t i m a t i o n  o f  
p r e v a l e n c e  f o r  which d i r e c t  d a t a  is l a c k i n g ,  b u t  a l s o  shows t h e  
i n t e r r e l a t i o n s h i p s  between c e r t a i n  a s p e c t s  o f  m o r b i d i t y ,  p r e v -  
a l e n c e ,  and m o r t a l i t y .  
THE MODEL 
L e t  u s  c o n s i d e r  now a  g i v e n  d e g e n e r a t i v e  t y p e  d i s e a s e .  An 
i n d i v i d u a l  i s  c o n s i d e r e d  h e a l t h y  i f  he  h a s  n o t  c o n t r a c t e d  t h e  
d i s e a s e  under  c o n s i d e r a t i o n ;  o t h e r w i s e ,  h e  i s  c o n s i d e r e d  s i c k .  
The p o p u l a t i o n  is d i v i d e d  i n t o  N a g e  s t r a t a .  Some c o r r e s p o n d i n g  
n o t a t i o n  i s  g i v e n  below: 
pi is t h e  number o f  i n d i v i d u a l s  i n  t h e  i t h  s t r a t u m ,  i = 1,N; 
hi is t h e  number o f  h e a l t h y  i n d i v i d u a l s ;  
u i  i s  t h e  i n c i d e n c e ,  s p e c i f i e d  by s e x ,  p e r  100,000 
h e a l t h y  i n d i v i d u a l s  from t h e  i t h  s t r a t u m ;  
- 
i i s  a l l  c a u s e s  d e a t h  r a t e ,  s p e c i f i e d  by s e x ,  p e r  100,000 p o p u l a t i o n ;  
D* is t h e  d e a t h  r a t e  a c c o r d i n g  t o  c a u s e  ( g i v e n  d i s -  
e a s e ) ,  s p e c i f i e d  by s e x ,  p e r  100,000 p o p u l a t i o n ;  
d i j  is  t h e  s p e c i f i c  d e a t h  r a t e  and is  d e f i n e d  t o  be  t h e  number o f  d e a t h s  p e r  100,000 s i c k  i n d i v i d u a l s  who 
c o n t r a c t e d  t h e  d i s e a s e  i n  t h e  i t h  s t r a t u m  j y e a r s  
ago.  
The f l o w  d iagram f o r  t h e  p r e v a l e n c e  is p r e s e n t e d  i n  F i g u r e  1 .  
I t  c a n  b e  s e e n  from t h e  d iagram t h a t  t h e  number o f  h e a l t h y  p e o p l e  
i n  t h e  f i r s t  s t r a t u m  i s  e q u a l  t o  h i .  During one y e a r ,  u l h l  
- 
h e a l t h y  p e o p l e  c o n t r a c t  t h e  d i s e a s e .  I n  t h e  f o l l o w i n g  y e a r ,  
u l h l  (1  - B l  l )  a r e  s t i l l  a l i v e ,  and s o  f o r t h .  Thus,  one c o u l d  
see t h a t  f o r  each  s t r a t u m ,  b a l a n c e  e q u a t i o n s ,  d e s c r i b i n g  t h a t  
t h e  number of  i n d i v i d u a l s  i n  t h e  i t h  s t r a t u m  is  e q u a l  t o  t h e  sum 
o f  h e a l t h y  and s i c k  i n d i v i d u a l s ,  c o u l d  be  w r i t t e n  a s  f o l l o w s :  
where 
I n  a d d i t i o n  t o  sys tem ( 3 ) ,  b a l a n c e  e q u a t i o n s  f o r  t h e  number o f  
d e a t h s  i n  e a c h  s t r a t u m  c o u l d  be  w r i t t e n  a s  f o l l o w s :  
Systems ( 3 )  and ( 5 )  could  be so lved  w i t h  r e s p e c t  t o  t h e  unknown 
v a r i a b l e s  p i  and hi i n  t h e  fo l l owing  way. From ( 3 . 1 )  
. . . . . . . . . . . . . . . . . .  
Figure I .  
t h e n ,  f rom ( 3 . 2 )  and ( 5 . 2 )  
and 
L e t  u s  d e s i g n a t e  t h e  l a s t  t e r m  i n  ( 3 . i )  a s  
and t h e  l a s t  t e r m  i n  ( 5 . i )  a s  
With one  more a u x i l i a r y  v a r i a b l e  
and w i t h  ( 9 ) - ( 1 1 )  t a k e n  i n t o  c o n s i d e r a t i o n ,  we now have  from 
( 3 . i )  and ( 5 . i )  
and 
ALGORITHM 
N- 1 The unknown v a r i a b l e s  {u i )  and {hi): a r e  o b t a i n e d  a s  a  
s o l u t i o n  o f  sys tems  ( 3 )  and ( 5 )  . The s o l u t i o n  i s  done i n  t h e  
f o l l o w i n g  sequence :  
- h l  = p l ,  a s  it f o l l o w s  f rom ( 3 . 1 ) ;  
- u1 i s  o b t a i n e d  f rom ( 7  ) ; 
- h2 i s  o b t a i n e d  from (8) ; 
- i n  a c c o r d a n c e  w i t h  ( 9 , 1 0 , 1 1 ) ,  a u x i l i a r y  v a r i a b l e s  
Fir Gi, and Ui (i = m) a r e  c a l c u l a t e d  based  on 
i -2  knowledge o f  t h e  v e c t o r s  ( u  . I  and { h  a l r e a d y  
o b t a i n e d ;  I j 1 
- t h e  n e x t  unknown c o u p l e  ui-l  and hi i s  c a l c u l a t e d  
based on Fit  Gi,  and U. a c c o r d i n g  t o  ( 12)  and ( 13)  ; 
1 
- t h e  p r o c e s s  i s  t e r m i n a t e d  i f  i = N. 
RESULTS OF COMPUTER EXPERIMENTS 
E s t i m a t i o n  o f  m a l i g n a n t  neoplasm* p r e v a l e n c e  was c a r r i e d  
o u t  f o r  A u s t r i a ,  B u l g a r i a ,  and France .  [ 2 ]  and [3]  were used  
a s  s o u r c e s  o f  t h e  i n i t i a l  d a t a .  d ; ;  was c o n s i d e r e d  a s  indepen-  
.'J 
d e n t  o f  i ( w e  s t i l l  need  s u r v i v a l  d a t a )  and e q u a l  t o  0 .2 .  
The r e s u l t s  o f  c a l c u l a t i o n s  a r e  p r e s e n t e d  i n  F i g u r e  2 .  To 
compare t h e  number o f  d e a t h s  a c c o r d i n g  t o  t h e  d i s e a s e  w i t h  t h e  
p r e v a l e n c e  f i g u r e s  f o r  t h e  same age  g roup ,  t h e s e  f i g u r e s  a r e  
p r e s e n t e d  a l o n g s i d e .  
NUMBER OF  
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DISCUSSION 
P r o f e s s o r  Atsumi desc r ibed  t h e  background t o  D r .  Klementiev 's  
paper .  I n  t h e  p l an  f o r  IIASA's work on h e a l t h  c a r e  modeling it 
was envisaged  t h a t  models would be b u i l t  on t h r e e  a s p e c t s  of t h e  
system: demand, r e sou rce  supply ,  and r e s o u r c e  a l l o c a t i o n .  The 
demand model, i n  t u r n ,  i s  d iv ided  i n t o  t h r e e  p a r t s :  popu la t i on ,  
morbid i ty ,  and demand/supply. Having a l r e a d y  developed a very 
good popula t ion  model, t h e  IIASA team turned  i t s  a t t e n t i o n  t o  
developing  a morbid i ty  model. The f i r s t  s t e p  was t o  model degen- 
e r a t i v e  d i s e a s e s  i nc lud ing  ca rd iovascu la r  d i s e a s e s ,  malignant  
neoplasms, and s e n i l e  dea ths .  
A model of  degene ra t ive  d i s e a s e  b u i l t  was t e s t e d  on WHO s t a -  
t i s t i c s ,  and app l i ed  t o  va r ious  c o u n t r i e s :  P h i l i p p i n e s ,  Mexico, 
Japan,  England, and Sweden. Future  t r e n d s  of degene ra t ive  d i s -  
e a s e s  were e s t ima ted  ( s e e  r e f e r e n c e  [ 1 I above) . The model could 
have f r u i t f u l  a p p l i c a t i o n s  both  f o r  p r o j e c t i n g  f u t u r e  t r e n d s  and 
f o r  i n t e r n a t i o n a l  comparisons. P ro fe s so r  Atsumi and h i s  co l l eagues  
would l i k e  t o  apply  t h e  model i n  o t h e r  c o u n t r i e s  and would wel- 
come comments from them. 
P r o f e s s o r  Shigan s t r e s s e d  t h a t  t h e  r e l evance  of t h e  model 
was f o r  n a t i o n a l  decis ionmaking r a t h e r  than  f o r  i n d i v i d u a l  phy- 
s i c i a n s .  Thus it was p e r m i s s i b l e  t o  group t o g e t h e r  a  number of 
d i f f e r e n t  d i s e a s e s ,  on t h e  b a s i s  of c e r t a i n  common p r o p e r t i e s ,  
e .g .  consumption of r e sou rces ,  t ype  of s c r een ing  p roces s ,  t ype  
of examinat ion.  
HEALTH CARE SYSTEM MODELING: IlASA EXPERIENCE 
Macromodels o f  I n p a t i e n t  and O u t p a t i e n t  
H e a l t h  Care  Systems i n  t h e  
F e d e r a l  R e p u b l i c  o f  Germany 
C. D i e t r  i c h  
A p p l i c a t i o n  o f  m a t h e m a t i c a l  methods t o  h e a l t h  s e r v i c e s  i n  
t h e  FRG s t a r t e d  o n l y  i n  1968, when t h e  F e d e r a l  M i n i s t r y  o f  
Defense  o r d e r e d  an i n v e s t i g a t i o n  i n t o  t h e  e f f i c i e n c y  o f  i t s  m i l i -  
t a r y  m e d i c a l  s e r v i c e .  I n  t h e  l a s t  few y e a r s ,  two o r  t h r e e  
u n i v e r s i t y  i n s t i t u t e s  focused  t h e i r  i n t e r e s t s  on OR-problems i n  
h o s p i t a l s  (OR s t a n d s  h e r e  f o r  a l l  k i n d s  o f  m a t h e m a t i c a l  m e t h o d s ) .  
I n  1975, t h e r e  were 19 OR-studies  a p p l i e d  t o  h e a l t h  s e r v i c e s .  
T h i s  compared w i t h  a b o u t  140 s t u d i e s  i n  G r e a t  B r i t a i n  i n  1972, 
and shows t h e  l a g  i n  e x p e r i e n c e  and a p p l i c a t i o n  o f  t h i s  f i e l d  i n  
o u r  c o u n t r y .  T h e r e f o r e  you s h o u l d  n o t  be  s u r p r i s e d  t o  h e a r  t h a t  
we have  l i t t l e  e x p e r i e n c e  w i t h  macromodels a p p l i e d  t o  h e a l t h  ser- 
v i c e s  e i t h e r .  
The c l a s s i f i c a t i o n  o f  t h e  macromodels f o l l o w s  t h a t  N.T.J. 
B a i l e y  c h o s e  i n  h i s  l e c t u r e  "Systems model ing i n  h e a l t h  p l a n n i n g "  
g i v e n  a t  t h e  IIASA Confe rence  "Systems a s p e c t s  o f  h e a l t h  p l a n n i n g "  
i n  1974 ( p u b l i s h e d  by North-Hol land,  Amsterdam i n  1975 a s  S y s t e m s  
A s p e c t s  o f  H e a l t h  P l a n n i n g ,  e d s .  N.T.J. B a i l e y  and M. Thompson). 
I n  t h e  f o l l o w i n g ,  I g i v e  a  s h o r t  r e v i e w  of  s e v e r a l  s t u d i e s  on 
s p e c i f i c  models  t h a t  have  been s p o n s o r e d  by a  number o f  d i f f e r e n t  
M i n i s t r i e s  a t  bo th  t h e  F e d e r a l  and Reg iona l  l e v e l ;  t h e s e  M i n i s t r i e s  
have a c c e p t e d  t h e  r e s u l t i n g  p r o p o s a l s .  
A  SIMULATION MODEL OF HEALTH INSURANCE (SPONSORED BY THE 
FEDERAL MINISTRY OF LABOR AND SOCIAL WELFARE) 
P .  R o s e n b e r g  
The main g o a l  o f  t h i s  s t u d y  was t o  d e m o n s t r a t e  t h e  e f f e c t s  
of  d i f f e r e n t  s y s t e m  i n p u t  p a r a m e t e r s  on r e v e n u e s  and expend i -  
t u r e s  o f  h e a l t h  i n s u r a n c e .  
Rosenberg began h i s  s t u d y  by s e t t i n g  up a  r e f e r e n c e  s y s t e m  
c o n s i s t i n g  o f  75 i n p u t  v a r i a b l e s  and 80 o u t p u t  v a r i a b l e s .  The 
i n p u t  v a r i a b l e s  were  r e l a t e d  t o  p o l i c y  h o l d e r s ,  p r o d u c e r s  o f  p e r -  
fo rmances ,  a s s o c i a t i o n s ,  i n s u r a n c e ,  p o l i t i c a l ,  and soc io -economica l  
a s p e c t s .  Some i n p u t  v a r i a b l e s  were  v e r y  a p p r o p r i a t e  f o r  a  quan- 
t i t a t i v e  approach ,  l i k e  " d e n s i t y  o f  g e n e r a l  p r a c t i t i o n e r s " .  Many 
o t h e r s  were  n o t  y e t  o p e r a t i o n a l  l i k e  " a c t u a l  s t a n d a r d  o f  m e d i c a l  
knowledge,"  o r  " h o s p i t a l  management." The o u t p u t  v a r i a b l e s  
d e s c r i b e d  t h e  consumption r a t e s ,  t h e  f e e  s c a l e s ,  and t h e  expend i -  
t u r e  o f  t h e  h e a l t h  i n s u r a n c e  a c c o r d i n g  t o  m e d i c a l  a c t i v i t i e s .  
C o n s i d e r i n g  a l l  p o s s i b l e  i n t e r r e l a t i o n s  between t h e  i n p u t  
and o u t p u t  v a r i a b l e s ,  Rosenberg came t o  a  t o t a l  of  1709 hypo- 
t h e t i c a l  r e l a t i o n s .  Having a n a l y z e d  t h e  d a t a ,  Rosenberg c o u l d  
o n l y  set up an  e s t i m a t o r  f o r  61 o f  t h e s e  1709 r e l a t i o n s  and 
t h e r e f o r e  concluded t h a t  it would be p r e m a t u r e  and m i s l e a d i n g  
t o  b u i l d  a  sys tem model. There  was t o o  b i g  an o b s c u r i t y  a b o u t  
t h e  i n t e r r e l a t i o n s  between i n p u t  and o u t p u t  v a r i a b l e s .  I n s t e a d  
o f  a  sys tem model Rosenberg f i n a l l y  set up a  " s t a t i s t i c a l  program" 
f o r  h e a l t h  i n s u r a n c e  a s  a  f i r s t  s t e p  t o  a  dynamic s i m u l a t i o n  
model. 
AN OR-APPROACH TO FIND LOCATION AND CATCHMENT AREAS OF HEALTH 
CARE STATIONS 
M .  H e i n h o l d  
Heinhold looked  f o r  r e a l i s t i c  s o l u t i o n s  t o  t h e  f o l l o w i n g  
problems : 
- P a t i e n t  d i s t r i b u t i o n  between p h y s i c i a n s  a t  d i f -  
f e r e n t  l o c a t i o n s  
- D e t e r m i n a t i o n  of  t h e  o p t i m a l  number and si tes  o f  
s p e c i a l i s t s  and g e n e r a l  p r a c t i o n e r s  i n  o u t p a t i e n t  
t r e a t m e n t  
- Determina t ion  o f  t h e  o p t i m a l  number and s i t e s  o f  
h o s p i t a l s  and numbers o f  b e d s  p e r  h o s p i t a l .  
To s o l v e  t h e s e ,  Heinhold used OR-methods o f  n o n l i n e a r  programming. 
For  o u t p a t i e n t  t r e a t m e n t ,  which i s  i n  t h e  hand o f  s e t t l e d  d o c t o r s ,  
he  t o o k  a s  t h e  o b j e c t i v e  f u n c t i o n  "The maximum number o f  s i t e s  of  
e a c h  k i n d  o f  s p e c i a l i t y "  s t a r t i n g  from a  known a v e r a g e  income. 
F u r t h e r  r e s t r i c t i o n s  were: 
- t h e  income of  each  p h y s i c i a n  
- p a t i e n t s  a t t e n d  t h e  n e a r e s t  d o c t o r  measured i n  
t i m e  u n i t s .  
F o r  i n p a t i e n t  t r e a t m e n t ,  he  used a  s t r a t i f i c a t i o n  model o f  
t h r e e  t y p e s  o f  h o s p i t a l ,  which a r e  h i e r a r c h i c a l l y  s t r u c t u r e d .  AS 
t h e  o b j e c t i v e  f u n c t i o n  he took  h e r e  "The t o t a l  d i s t a n c e  between 
a  c e r t a i n  h o s p i t a l  and t h e  d o m i c i l e s  of  p a t i e n t s  who need a  hos- 
p i t a l  o f  t h i s  c a t e g o r y  must b e  minimized."  
Heinhold a l s o  r e p o r t e d  on a  t h i r d  a s p e c t  of  h i s  work, which 
is t h e  p r a c t i c a l  r e s u l t s  o f  t h e  a p p l i c a t i o n  o f  t h e  models i n  a  
t es t  r e g i o n  i n  South  B a v a r i a :  v e r y  good agreement  w i t h  t h e  r e a l  
s i t u a t i o n s  had been shown. 
GROWTH AND BALANCE I N  HEALTH SERVICES: COST EXPLOSION I N  HEALTH 
INSURANCE AND ITS CONTROL 
P. Herder-Dorneich 
I n  h i s  s t u d y ,  Herder-Dorneich looked f o r  a l o g i c a l  sys tems  
p o l i c y  i n  h e a l t h  c a r e  d e l i v e r y .  Unl ike Rosenberg,  he  r e g a r d e d  
t h e  a c t u a l  d a t a  s i t u a t i o n  i n  t h e  FRG i n  t h e  f i e l d  o f  h e a l t h  c a r e  
good enough t o  b e g i n  model b u i l d i n g .  
F i r s t ,  he  c o n s t r u c t e d  a r e f e r e n c e  l i n e  f o r  a p p r o p r i a t e  c o s t  
and p r i c e  development .  T h i s  g u i d e l i n e  f o r  c o n t r o l l e d  deve lop-  
ment i n  h e a l t h  c a r e  d e l i v e r y  l i es  above t h e  development  o f  t h e  
g r o s s  n a t i o n a l  p r o d u c t .  Here h e  used  t h e  F o u r a s t i e l - t h e o r e m  o f  
growth of  t h e  s e r v i c e s  s e c t o r .  
Then he  d i v i d e d  t h e  h e a l t h  s e r v i c e  i n t o  t h e  t h r e e  subsystems:  
- ambula to ry  medica l  t r e a t m e n t  
- s t a t i o n a r y  medica l  t r e a t m e n t  
- d r u g  p r o v i s i o n  
t o  compare t h e i r  c o s t  development  w i t h  h i s  g u i d e l i n e  f o r  con- 
t r o l l e d  development .  H e  found t h a t  t h e  c o s t s  i n  t h e  subsys tems  
s t a t i o n a r y  t r e a t m e n t  and d r u g  p r o v i s i o n  i n c r e a s e d  f a s t e r  t h a n  h i s  
g u i d e l i n e  would admi t .  Here,  h e  a r g u e d ,  was a c o n t r o l  problem, 
i . e .  a l a c k  of  c o n t r o l .  w h i l e ,  i f  t h e  c o s t  development  o f  a 
subsys tem goes  below t h e  g u i d e l i n e ,  t h e n  t h e r e  was a f i n a n c i n g  
problem.  Herder-Dorneich used  sys tems  dynamics t o  e s t a b l i s h  t h e  
l a c k  o f  c o n t r o l  o r  l a c k  o f  f i n a n c i n g .  
F i g u r e  1 shows a model o f  ambula to ry  m e d i c a l  c a r e  d e l i v e r y .  
There  i s  an e x t e r n a l  c i r c u i t  o f  a c t i v i t i e s  and an  i n t e r n a l  con- 
t r o l  c i r c u i t  ( o f  medica l  c e r t i f i c a t e s )  t h a t  c o n n e c t  b o t h  t h e  
p a r t i e s  ( g r o u p s )  concerned ,  e . g .  p h y s i c i a n s ,  i n s u r a n c e s ,  p a t i e n t s ,  
p o l i t i c i a n s ,  medica l  a s s o c i a t i o n s .  
Herder-Dorneich c o n s i d e r e d  t h i s  model t o  b e  a good example 
of  a c l o s e d  c o n t r o l  system.  H e  p o i n t e d  o u t  t h a t  t h e  e x i s t e n c e  o f  
a c l o s e d  c i r c u i t  i s  t h e  r e a s o n  why t h e  c o s t s  o f  ambula to ry  medi- 
c a l  t r e a t m e n t  i n  t h e  FRG deve lop  s i m i l a r l y  t o  h i s  g u i d e l i n e .  
The c o s t  i n c r e a s e  i n  t h e  two o t h e r  subsys tems  d i f f e r e d  
s t r o n g l y  from h i s  g u i d e l i n e .  From h i s  model,  Herder-Dorneich 
conc luded  t h a t  c o n t r o l  i s  l a c k i n g  i n  t h e  subsys tems  s t a t i o n a r y  
t r e a t m e n t  and d r u g  p r o v i s i o n .  I n  o r d e r  t o  r e d u c e  t h e  c o s t  i n -  
c r e a s e  i n  t h e s e  two sys tems  t o  n e a r  t h a t  of  t h e  g u i d e l i n e  o f  
c o n t r o l l e d  development ,  it i s  n e c e s s a r y  t o  c l o s e  t h e  c o n t r o l  
c i r c u i t  a t  t h e  middle  l e v e l  o f  a s s o c i a t i o n s .  
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Figure 1.  System of ambulatory medical treatment. 
OPTIMUM HOSPITAL SIZE 
D. Fisc  h e r  
I n  h i s  s t udy ,  F i s c h e r  i n v e s t i g a t e d  t h e  problem of  what t h e  
optimum s i z e  of  a  h o s p i t a l  w i t h i n  a  h o s p i t a l  system i s .  He 
developed t h r e e  models : 
- A pa rame t r i c  c o s t  model t h a t  a l l ows  a  r e l a t i v e  
, assessment  of  c o s t s  dependent  on f u n c t i o n s  and 
s i z e  of  t h e  h o s p i t a l  and t h e  p a t i e n t  mix a s  w e l l .  
- An LP model f o r  an optimum a l l o c a t i o n  of  r e s o u r c e s  
w i t h i n  a  h o s p i t a l  o f  c e r t a i n  s i z e  and f u n c t i o n  
w i th  r e s p e c t  t o  e x i s t i n g  r e s t r i c t i o n s .  
- An LP model t o  i d e n t i f y  t h e  optimum s i z e  of a 
h o s p i t a l  a s  a  p a r t  of  a  h i e r a r c h i c a l  system 
of  h o s p i t a l s  cove r ing  t h e  whole count ry .  
With t h e s e  t h r e e  models ,  F i s c h e r  came t o  t h e  f o l l o w i n g  c o n c l u s i o n s :  
- I f  t h e r e  e x i s t s  a  h i e r a r c h i c a l  s t r u c t u r e  w i t h  
r e s p e c t  t o  h o s p i t a l  s p e c i a l i z a t i o n ,  t h e n  it i s  
wrong t o  e n q u i r e  a b o u t  optimum s i z e  o f  a  hos-  
p i t a l  i n  i s o l a t i o n  f rom t h e  res t  o f  t h e  sys tem.  
- The a n a l y s i s  o f  r e s o u r c e  r e q u i r e m e n t s  and c o s t s  
a s  f u n c t i o n s  o f  h o s p i t a l  s i z e  shows t h a t  i n  most  
a r e a s  c o s t  p e r  bed and c o s t  p e r  p a t i e n t  t e n d  t o  
i n c r e a s e  w i t h  h o s p i t a l  s i z e .  Economies o f  s c a l e  
e x i s t i n g  e s p e c i a l l y  i n  t h e  s u p p l y  a r e a  were  by 
f a r  outweighed by c o s t  i n c r e a s e s  i n  o t h e r s ,  
e s p e c i a l l y  by i n v e s t m e n t  and p e r s o n n e l  c o s t .  The 
t o t a l  t r e a t m e n t  c o s t  p e r  c a s e  t e n d e d  t o  i n c r e a s e  
w i t h  h o s p i t a l  s i z e .  
- I n  a  h i e r a r c h i c a l l y  s t r u c t u r e d  h o s p i t a l  sys tem,  t h e r e  
e x i s t s  an optimum s i z e  o f  h o s p i t a l s  f o r  e a c h  p ro-  
v i s i o n  l e v e l .  
- A  h i e r a r c h y  o f  h o s p i t a l s  w i t h  more t h a n  t h r e e  
l e v e l s  c o n f l i c t s  w i t h  a n  i n t e g r a t e d  s y s t e m  o f  
h o s p i t a l s  c o v e r i n g  t h e  whole a r e a .  
- I n  a  h o s p i t a l  sys tem w i t h  a  c e r t a i n  bed c a p a c i t y ,  
t h e r e  a lways  e x i s t s  a n  o b j e c t i v e  f u n c t i o n ,  which 
c a u s e s  a  c e r t a i n  p a t i e n t  mix. The o b j e c t i v e  func-  
t i o n  "To maximize t h e  p a t i e n t  number" i s  t h e  same 
a s  t h e  o b j e c t i v e  f u n c t i o n  "To maximize t h e  e f f i -  
c i e n c y  o f  t h e  sys tem"  o r  "To min imize  t h e  c o s t  
p e r  c a s e " .  
A hexagona l  p a t t e r n  ( F i g u r e  2 )  was s e l e c t e d  which a l lowed  
t h e  e l a b o r a t i o n  o f  an i n t e g r a t e d  h o s p i t a l  s y s t e m  s t r u c t u r e  f o r  
a  homogeneously p o p u l a t e d  a r e a  ( e . g .  a  b i g  c i t y )  p r o v i d i n g  f u l l  
a r e a  coverage .  The s y s t e m  c o n s i s t e d  o f  one c e n t r a l  c a r e ,  t h r e e  
r e g i o n a l  c a r e  and t w e l v e  b a s i c  c a r e  l e v e l  h o s p i t a l s  p r o v i d i n g  
lower  l e v e l  c a r e  a t  t h e  same t i m e .  
SIMULATING bEDICAL TREATbENT AND TRANSPORT OF COMBAT CASUALTIES 
C .  D i e t r i c h  a n d  G .  W e i s e r  
Dur ing  wars  o r  c a t a s t r o p h e s ,  t h e  p u r p o s e  o f  a  m i l i t a r y  medi- 
c a l  s e r v i c e  i s  t o  e n s u r e  maximum s u r v i v a l  o f  c a s u a l t i e s .  
A complex d i s c r e t e  e v e n t  s i m u l a t i o n  model h a s  been deve loped  
i n  o r d e r  t o  p r o v i d e  a  c o m p u t a t i o n a l  t o o l  f o r  t h e  c o m p a r a t i v e  
a n a l y s i s  and e v a l u a t i o n  o f  m e d i c a l  t r e a t m e n t  and e v a c u a t i o n  s y s -  
t e m s .  The model d e s c r i b e s  a  t r a n s p o r t a t i o n  s y s t e m  c o n s i s t i n g  o f  
s e v e n  i n t e r a c t i n g  t r a n s p o r t  l o o p s  and a  m e d i c a l  t r e a t m e n t  c h a i n  
formed by f o u r  medica l  t r e a t m e n t  l e v e l s .  I t  f o l l ows  t h e  move- 
ment o f  each  p a t i e n t  th rough  t h e  e n t i r e  t r e a t m e n t  c h a i n ,  from 
t h e  t i m e  t h e  p a t i e n t  e n t e r s  u n t i l  t h e  p a t i e n t  l e a v e s  t h e  medica l  
sys tem by r e t u r n i n g  t o  d u t y ,  by dy ing ,  o r  by be ing  evacua t ed  from 
t h e  c r i t i c a l  zone. 
where  pi,^ is the number of patients per 1000 inhabitants belonging 
to diagnostic category j, requiring care level Z, and 
q, the inhabitants per square kilometer. 
Flgure 2. Catchment areas of an integrated hospital system structure. 
Each p a t i e n t  e n t e r i n g  t h e  sys tem i s  c l a s s i f i e d  acco r d ing  t o  
t h e  n a t u r e  and s e v e r i t y  o f  h i s  i n j u r i e s  by a s s i g n i n g  him t o  one 
o f  1 9  i n j u r y  c l a s s e s .  These c l a s s e s  a r e  d e s c r i b e d  by two cu r ves  
f o r e c a s t i n g  t h e  l i f e  expec tancy  and s u r v i v a l  p r o b a b i l i t y ,  and 
by t r e a t m e n t  t i m e s .  A t  a l l  l e v e l s  p a t i e n t s  a r e  t r e a t e d  and evac- 
ua t e d  on a  p r i o r i t y  b a s i s .  
What k ind  o f  r e s u l t s  w e r e  ob t a ined?  The pr imary  o u t p u t  of  
a  s i m u l a t i o n  run was i n d i v i d u a l  d a t a  abou t  each  p a t i e n t ,  s u r g i c a l  
team, v e h i c l e  and s o  on. A s t a t i s t i c a l  program e v a l u a t e d  t h e  
g r e a t  q u a n t i t y  of  p r imary  o u t p u t  d a t a  and e l a b o r a t e d  l i s ts  of  
w a i t i n g  t i m e s ,  w a i t i n g  l i n e s ,  work loads ,  s u r v i v a b i l i t y ,  through-  
run  t i m e s ,  and average  v a l u e s  o f  t h e s e  and s i m i l a r  q u a n t i t i e s .  
I t  i s  t h en  up t o  t h e  dec i s ionmaker  t o  e v a l u a t e  d i f f e r e n t  sys tem 
models by u s i n g  t h e  i n fo rma t ion .  
STUDY ON THE UTILIZATION OF MEDICAL PERSONNEL 
F .  O b e r h o f e r  
The problem was t o  f i n d  t h e  reasons  f o r  t h e  growing sho r t age  
of  medical  d o c t o r s  i n  t h e  West German armed f o r c e s  and t o  d i s -  
cover  p o s s i b l e  means wi th  which t o  s t o p  it. The f a c t o r s  t h a t  
i n f l u e n c e  bo th  t h e  demand f o r  and t h e  supply o f  d o c t o r s  were 
i n v e s t i g a t e d ,  e .g .  a  p e r s o n ' s  i n t e r e s t  i n  t h e  medical  p r o f e s s i o n ,  
t h e  s o c i a l  s t a t u s  enjoyed by s o l d i e r s ,  t h e  i n t e r e s t  i n  j o i n i n g  t h e  
m i l i t a r y  f o r c e s  a s  a  medical  o f f i c e r ,  t h e  i n f l u e n c e  o f  t h e  s i z e  
o f  t h e  s a l a r y  o f f e r e d ,  e t c .  A l l  t h e s e  f a c t o r s  were combined i n  
a  r e a l i s t i c  model showing t h e  comparat ive weight  of  t h e  f a c t o r s  
and t h e i r  va r ious  i n t e r a c t i o n s .  
One r e s u l t  o f  t h e  a n a l y s i s  was t h a t  t h e  armed f o r c e s  medi- 
c a l  s e r v i c e  could be more a t t r a c t i v e  t o  members of  t h e  medical  
p r o f e s s i o n  i f  m i l i t a r y  h o s p i t a l s  were open t o  bo th  m i l i t a r y  and 
c i v i l i a n  p a t i e n t s ,  o r  i f  medical  f a c i l i t i e s  i n  t h e  form of so- 
c a l l e d  " h e a l t h  c e n t e r s "  were t o  be e s t a b l i s h e d .  Such a  system 
would, f o r  example, p rov ide  a  b e t t e r  p r o f e s s i o n a l  i n c e n t i v e  t o  
d o c t o r s  by a l lowing  them t o  t r e a t  a  s o c i o l o g i c a l l y  more d i f f e r -  
e n t i a t e d  group of  p a t i e n t s .  
Another p o s s i b l e  s o l u t i o n  was seen  i n  an i nc reased  d i v i s i o n  
of l a b o r  w i t h i n  t h e  medical  s e r v i c e  t o  f r e e  d o c t o r s  from adminis- 
t r a t i v e  t a s k s  and o t h e r  nonpro fe s s iona l  d u t i e s .  I t  was proposed 
t h a t  female d o c t o r s  could be admi t ted  t o  t h e  f o r c e s ,  and t h a t  
t h e  s imp le r  and l e s s  p r o f e s s i o n a l  medical  and s u r g i c a l  f u n c t i o n s  
could  be ass igned  t o  medical  t e c h n i c i a n s  who would have t o  r e -  
c e i v e  a  h igh ly  s p e c i a l i z e d  t r a i n i n g .  
MILITARY HOSPITAL STUDY 
E .  Donner ,  D .  B u r k h a r d t ,  W. T h i e r s c h m a n n ,  and F .  O b e r h o f e r  
This  s tudy  cons idered  how e x i s t i n g  h o s p i t a l s  and those  t o  
be b u i l t  by 1980 could be p u t  t o  b e s t  use .  
A t  p r e s e n t ,  t h e r e  a r e  15 m i l i t a r y  h o s p i t a l s  wi th  about  3600 
beds .  So, t h e  m i l i t a r y  f o r c e s  a r e  t h e  most impor tan t  owner of  
h o s p i t a l s  i n  West Germany. I n  October 1970, t h e  IABG was awarded 
a  c o n t r a c t  by t h e  Min i s t ry  of  Defense t o  ana lyze  e i g h t  new con- 
c e p t s  f o r  m i l i t a r y  h o s p i t a l s  and t o  determine what a c t i o n  should 
be taken  t o  improve t h e  e f f e c t i v e n e s s  of t h e  whole h o s p i t a l  
system. The work was performed i n  two s t e p s ,  t h e  f i r s t  be ing  t o  
des ign  e i g h t  d i f f e r e n t  mathematical  models t o  r e p r e s e n t  t h e  
a l t e r n a t i v e  h o s p i t a l  concepts .  Among these  models were t h e  so-  
c a l l e d  t each ing  h o s p i t a l s  i n t e g r a t e d  i n t o  u n i v e r s i t i e s  and com- 
b ined  m i l i t a r y - c i v i l i a n  h o s p i t a l s .  
The second s t e p  was a  comparat ive e v a l u a t i o n  of t h e  e i g h t  
models by b e n e f i t ,  c o s t  and o v e r a l l  e f f e c t i v e n e s s .  To f i n d  i n p u t  
d a t a  f o r  t h e  b e n e f i t  a n a l y s i s ,  a  p o l l  was taken  of t h e  2 5  top-  
ranking  medical  o f f i c e r s  of  t h e  West German armed f o r c e s .  A 
t o t a l  o f  16,000 b ina ry  judgments were c o l l e c t e d  on how t h e s e  
a l t e r n a t i v e  h o s p i t a l  concepts  compare i n  meeting 57 s e l e c t e d  
requi rements  f o r  an optimum h o s p i t a l  system. The i n p u t  d a t a  f o r  
t h e  c o s t  a n a l y s i s  were c a l c u l a t e d  from t h e  a c t u a l  c o s t  o f  more 
t han  40 t y p i c a l  m i l i t a r y  and comparable c i v i l i a n  h o s p i t a l s .  
A computer program was developed f o r  p roces s ing  t h e  i n p u t  
d a t a ,  u s ing  ALGOL language.  This  enabled  an e v a l u a t i o n  of t h e  
a l t e r n a t i v e  concepts  by t h e  v a r i o u s  c r i t e r i a  desc r ibed .  Then 
t h e  parameters  and c r i t e r i a  of  t h e  models were compared wi th  t hose  
o f  e x i s t i n g  h o s p i t a l s .  Seve ra l  models of  an i d e a l  h o s p i t a l  were 
de r ived  from t h e  comparison and used a s  a  b a s i s  f o r  reform pro- 
p o s a l s  . 
MODEL OF REGIONAL PATIENT CARE SYSTEM 
Using systems dynamics, Klirnke i n v e s t i g a t e d  t h e  i n t e r r e l a -  
t i o n s  between s t a t i o n a r y  and ambulatory medical  and nu r se ry  c a r e  
w i th  r e s p e c t  t o  l e n g t h  of s t a y ,  bed c a p a c i t y ,  and c o s t  p e r  day.  
He a p p l i e d  h i s  model t o  a  r eg ion  i n   ade en-~Erttemberg t h a t  ha s  a  
h i e r a r c h i c a l l y  s t r u c t u r e d  h o s p i t a l  system wi th  fou r  l e v e l s  o f  c a r e .  
No d e t a i l s  a r e  y e t  a v a i l a b l e .  
P r e s e n t  S t a t u s  of t h e  Heal th  Care System 
and i t s  Modeling i n  Japan 
K.  Atsumi, S .  Kaihara ,  and I. Fujimasa 
INTRODUCTION 
A f t e r  World War 11, a  n a t i o n a l  h e a l t h  i n su rance  system was 
i n t roduced  i n  Japan and a lmos t  every  c i t i z e n  h a s  been covered 
by t h i s  system s i n c e .  Neve r the l e s s ,  most of t h e  medical  c a r e  
is s t i l l  i n  t h e  hands of  p r i v a t e  phys i c i ans  and t h e  d e l i v e r y  
of  medica l  c a r e  i n  Japan h a s  become more and more compl ica ted .  
T o t a l  medical  e x p e n d i t u r e  h a s  been i n c r e a s i n g  yea r  by y e a r .  
The gap between demand and supply  i n  medical  s e r v i c e s  is a l s o  
i n c r e a s i n g .  The re fo re ,  i n  1972 t h e  Japanese  Government planned 
a  n a t i o n a l  p r o j e c t  t o  promote t h e  medical  i n fo rma t ion  system 
and i n  1973, t h e  Japan Medical Informat ion  System Development 
Center  (MISDC) was organized  under t h e  guidance of  t h e  Min i s t ry  
of  Hea l th  and Welfare  and t h e  Min i s t ry  of  I n t e r n a t i o n a l  Trade 
and I n d u s t r y .  
THE MAIN PROJECTS OF MISDC 
F ive  main p r o j e c t s  were s t a r t e d  by MISDC wi th  i t s  s t a f f  o f  
50, and a s s i s t a n c e  from 30 e x t e r n a l  c o n s u l t a n t s .  
- A survey  and e v a l u a t i o n  of  h e a l t h  c a r e  in format ion  
sys tems .  
- A survey  and exper iments  on t h e  r e o r g a n i z a t i o n  and 
p lanning  of h e a l t h  c a r e  d e l i v e r y  i n  a  d i s t r i c t .  
- The arrangement  of  a  coding  system and t h e s a u r u s  of 
medica l  t e rms .  
- Experiments on an i n fo rma t ion  s e r v i c e  system f o r  
p h y s i c i a n s .  
- The development of new t e c h n o l o g i e s  i n  h e a l t h  c a r e  
d e l i v e r y .  
Of t h e s e ,  t h e  second i s  t h e  most impor t an t  and t h e  f i v e  d i s t r i c t s  
(Kanagawa, N i i g a t a ,  Wakayama, T o t t o r i ,  and Nagasaki p r e f e c t u r e s )  
were s e l e c t e d  a s  model d i s t r i c t s  f o r  surveys  and exper iments  on 
emergency c a r e  system, t e l emed ic  i n e  c a r e  system i n  remote a r e a s  
w i thou t  d o c t o r s ,  and r e o r g a n i z a t i o n  of  t h e  h e a l t h  c a r e  d e l i v e r y  
system. 
Another  i m p o r t a n t  t a s k  is t o  p r o p o s e  a p p r o p r i a t e  d e c i s i o n -  
making, f o r  which a  new commit tee  was o r g a n i z e d .  The r e s p o n s i -  
b i l i t y  o f  t h e  commit tee  i s  t o  c o n s t r u c t  a  g u i d e l i n e  t o  promote  
t h e  h e a l t h  c a r e  i n f o r m a t i o n  s y s t e m  and t o  i n v e s t i g a t e  t h e  
m e t h o d o l o g i e s  o f  e v a l u a t i o n  f o r  t h e  p r o j e c t s .  I n  1974, t h e  
i n v e s t i g a t i o n  g roup  on s i m u l a t i o n  model of  h e a l t h  c a r e  d e l i v e r y  
was s t a r t e d  i n  t h i s  commit tee .  
SOME TRENDS I N  HEALTH STATISTICS I N  JAPAN 
P o p u l a t i o n  
I n  1970, t h e  p o p u l a t i o n  o f  J a p a n  was 103,720,060.  A remark- 
a b l e  p o i n t  i s  t h e  r e c e n t  change i n  t h e  a g e  s t r u c t u r e  of  t h e  
p o p u l a t i o n  towards  p r o p o r t i o n a l l y  more o l d  p e o p l e .  
B i r t h  Ra te  
T h i s  h a s  d e c r e a s e d  s i n c e  1950 and r e a c h e d  17.2  i n  1977. 
Deaths  
The a n n u a l  d e a t h  r a t e  c o n t i n u e d  t o  d e c r e a s e  s i n c e  1920 and 
h a s  remained between 6.6 and 7.4 f o r  t h e  p a s t  t e n  y e a r s .  
Leading Causes  o f  Death 
The d e a t h s  from d e g e n e r a t i v e  d i s e a s e s  s u c h  a s  a p o p l e x i a ,  
m a l i g n a n t  neop lasms ,  and h e a r t  d i s e a s e s  have  been r e c e n t l y  i n -  
c r e a s i n g .  
Medica l  C a r e  
H o s p i t a l s  and C l i n i c s  
The t o t a l  number o f  h o s p i t a l s  and c l i n i c s  i n  1972 was 
3143--439 n a t i o n a l ,  1067 m u n i c i p a l ,  178 s e m i p u b l i c ,  274 s o c i a l  
i n s u r a n c e  and 6185 p r i v a t e .  
Medica l  Care  P e r s o n n e l  
I n  1972, t h e  number of  p h y s i c i a n s  p e r  100,000 was 117, den- 
t is ts  37, p h a r m a c i s t s  79 ,  p u b l i c  h e a l t h  14,  midwives 28, and 
c l i n i c a l  n u r s e s  315. The number o f  p h y s i c i a n s  i n  J a p a n  i s  a l m o s t  
t h e  same a s  i n  European c o u n t r i e s ,  b u t  i n  Japan  t h e y  a r e  con- 
c e n t r a t e d  i n  c i t i es  and t h e r e  is  a  l a c k  o f  s p e c i a l i s t s  i n  p u b l i c  
h e a l t h .  
A SIMULATION MODEL OF HEALTH CARE 
I n  o r d e r  t o  a n a l y z e  and f o r e c a s t  m e d i c a l  demand, c o n s t r u c -  
t i o n  o f  a  s i m u l a t i o n  model o f  m e d i c a l  demand was s t a r t e d  i n  1 9 7 2 .  
S i n c e  medica l  c a r e  is r e l a t e d  t o  v a r i o u s  s o c i a l  f a c t o r s ,  t h e  
model took  t h e s e  i n t o  c o n s i d e r a t i o n .  The t o t a l  p o p u l a t i o n  was 
d i v i d e d  i n t o  f o u r  g roups- -hea l thy ,  unaware s i c k ,  s i c k  w i t h o u t  
m e d i c a l  c a r e ,  and p a t i e n t s .  The c a u s e s  o f  i l l n e s s ,  t h e  p r o g r e s s  
o f  c i v i l i z a t i o n ,  e d u c a t i o n ,  and t h e  a c c e s s i b i l i t y  t o  p h y s i c i a n s  
were a n a l y z e d  and some f u t u r e  t r e n d s  e s t i m a t e d .  
Another  i m p o r t a n t  t a s k  o f  t h e  s i m u l a t i o n  model was t o  e s t i -  
mate t h e  e f f e c t  o f  t h e  automated m u l t i p h a s i c  h e a l t h  t e s t i n g  
s y s t e m  (AMHTS) on t h e  s o c i a l  s t r u c t u r e ,  and t h e  i n t e r e s t i n g  
r e s u l t  o b t a i n e d  was t h a t  t h e  n a t i o n a l  a v e r a g e  q u a l i t y  o f  m e d i c a l  
c a r e  w i l l  be  d e c r e a s e d  by t h e  i n t r o d u c t i o n  of AMHTS, u n l e s s  
h o s p i t a l s  and c l i n i c s  a r e  i n c r e a s e d  t o  accomodate t h e  e x t r a  
p a t i e n t s  and  c l i e n t s  d e t e c t e d  by AMHTS. 
EVALUATION OF THE MEDICAL INFORMATION SYSTEM 
The E v a l u a t i o n  Committee d i v i d e d  t h e  m e d i c a l  i n f o r m a t i o n  
s y s t e m  (MIS) and h o s p i t a l  i n f o r m a t i o n  s y s t e m  (HIS) a s  f o l l o w s .  
MIS f o r  P a t i e n t  S e r v i c e s  
- MIS f o r  o u t p a t i e n t  c l i n i c  s e r v i c e s  
- HIS f o r  o u t p a t i e n t  s e r v i c e s  i n  h o s p i t a l s  
- HIS f o r  i n p a t i e n t  s e r v i c e s  
- HIS f o r  c l i n i c a l  i n v e s t i g a t i o n  
- P a t i e n t  m o n i t o r i n g  and c l i n i c a l  measurement 
s y s t e m  
- C l i n i c a l  dec i s ionmaking  sys tem 
- HIS f o r  pharmacy 
- AlrlHTS and r e g i o n a l  c l i n i c a l  l a b o r a t o r y  
c e n t e r  
- MIS f o r  r e c e i p t  a c c o u n t i n g  
F e d i c a l  Data  Base 
- P a t i e n t  r e c o r d  s y s t e m  
- Regiona l  m e d i c a l  c o n s u l t a t i o n  d a t a  b a s e  
- Community health register 
- National medical information services 
- Statistical data base 
MIS for Management of Health Care Delivery 
- HIS for hospital management 
- HIS for regional health care delivery 
- Emergency health care delivery system 
- Administration system of national or 
regional health care delivery 
These applications were analyzed from two viewpoints: the 
technical methods of MIS--transportation system, data processing, 
and communication system--and the interface and software--1an- 
guage, software, and hardware. 
These applications were classified into the four phases of 
the planning and implementation of MIS--fundamental survey, ex- 
periment, development, and implementation, and then identified 
and evaluated under the following criteria by the Delphi method 
(1 5 specialists) : 
Essential Criteria 
- Comprehensiveness and integration in health care 
- Quality of care 
- Effective allocation of resources 
- Serviceability in health care 
- Reasonable allocation of clinical demand 
- Social acceptability 
- Impact on medical education 
Practical Criteria 
- Reasonable cost for development and education 
- Technical efficiency for development 
- Industrial efficiency for development 
- A l l o c a t i o n  e f f i c i e n c y  f o r  a d m i n i s t r a t i o n  and 
p o l i c y  
- Covering o f  supply-demand gap 
- Impacts  upon o t h e r  sys tems  and t e c h n o l o g i e s  
A new concept  o f  t h e  promotion s c o r e  was proposed,  i . e .  
t h a t  t h e  s c o r e  of  p r a c t i c a l  c r i t e r i a  be  d i v i d e d  by t h a t  o f  t h e  
e s s e n t i a l  c r i t e r i o n .  The e v a l u a t i o n  r e v e a l e d  t h a t  t h e  HIS f o r  
o u t p a t i e n t ,  pharmacy and r e c e i p t  a ccoun t i ng ,  s t a t i s t i c a l  d a t a  
b a s e ,  and a d m i n i s t r a t i v e  sys tem f o r  r e g i o n a l  h e a l t h  c a r e  d e l i v e r y  
should  be promoted i n  t h e  n e a r  f u t u r e .  I n  consequence,  t h e  
sha r ed  HIS--where s a t e l l i t e  h o s p i t a l s  s h a r e  t h e  use of  a  l a r g e  
computer i n s t a l l e d  i n  t h e  medica l  c e n t e r - - i s  beg inn ing  t o  be 
implemented i n  l o c a l  a r e a s  t h i s  yea r  and is s uppo r t ed  by t h e  
Japanese  Government. 
DISCUSSION 
I n  r e sponse  t o  q u e s t i o n s ,  P r o f e s s o r  Atsumi exp l a ined  t h a t  
MISDC i s  a  par t -governmenta l  agency; one t h i r d  o f  i t s  funds  
come from government and two t h i r d s  from p r i v a t e  e n t e r p r i s e .  
I t  h a s  a  s t a f f  o f  50  pe r sons  p l u s  t h e  u s e  of  abou t  2 0 0  c o n s u l t -  
i n g  s p e c i a l i s t s  such a s  P r o f e s s o r  Atsumi h i m s e l f ,  who be longs  
t o  t h e  U n i v e r s i t y  of Tokyo. The purpose o f  MISDC i s  t o  promote 
sys tems  a n a l y s i s  i n  t h e  Japanese  h e a l t h  s e r v i c e s .  I t  i n c l u d e s  
one d i v i s i o n  t h a t  is  deve lop ing  s i m u l a t i o n  models.  T h i s  team 
i s  c o l l a b o r a t i n g  w i th  t h e  IIASA b iomedica l  team s o  t h a t  models 
developed by one team can be t e s t e d  and used  by t h e  o t h e r .  

Health Care System Modeling i n  t h e  United Kingdom 
A.G. PlcDonald 
My i n t e n t i o n  i s  t o  d i s c u s s  t h e  development of  t h e  modeling 
work we have been doing  i n  t h e  l a s t  few y e a r s  t o  i n d i c a t e  some 
of  t h e  a p p l i c a t i o n s  t h a t  have been made and t o  r e l a t e  o u r  work 
t o  t h a t  of  one o r  two of  t h e  e a r l i e r  speakers .  I s h a l l  i n d i c a t e  
what i s  common ground and a l s o  where t h e  d i f f e r e n c e  l i e s .  Our 
modeling work has  been r e p o r t e d  i n  va r ious  p u b l i c a t i o n s  and a t  
t h e  December 1975  IIASA Biomedical Conference. 
On t h e  t e c h n i c a l  s i d e ,  t h e r e  has  been some development of  
t h a t  a s p e c t  of  t h e  work i n  which our  Russian co l l eagues  he re  were 
i n t e r e s t e d  a t  t h e  Moscow conference ,  namely t h e  cho ice  of e l a s -  
t i c i t i e s .  The main t e c h n i c a l  development has  been given a l o t  of 
a t t e n t i o n :  i n  t h e  n o n l i n e a r  model, t h e r e  a r e  some parameters  t h a t  
we c a l l  e l a s t i c i t i e s - - s i m i l a r  t o  t h e  economis t ' s  e l a s t i c i t i e s - -  
and t h e  q u e s t i o n  i n  1 9 7 5  was how t o  s e t  t h e i r  l e v e l .  We have 
done some s e n s i t i v i t y  a n a l y s i s  and a good d e a l  of  mathematical  
work, which w i l l  be r epo r t ed  l a t e r  t h i s  y e a r ,  on developing  t h e  
methodology t o  determine t h e  pa rame t r i c  va lues  t o  p u t  i n t o  t h e  
model. 
I n  a d d i t i o n ,  t h e  model w i l l  be extended by p u t t i n g  i n  more 
p a t i e n t  c a r e  groups--we a r e  developing t h e  c h i l d  c a r e  s e c t i o n  
f o r  i n c l u s i o n  i n t o  t h e  model--and by t h e  e x t e n s i o n  of  o t h e r  
c l i e n t  groups,  b u t  t h e  b a s i c  model has  n o t  changed i n  any fun- 
damental  way. I t  i s  t h e  a p p l i c a t i o n s  be ing  made t h a t  a r e  more 
i n t e r e s t i n g .  I n  Sh igan ' s  paper  ( s e e  F igu re  3) t h e  model- 
i n g  schema is  desc r ibed  and connected upwards t o  a dec i s ion -  
maker and sideways t o  a manager. These r e l a t i o n s h i p s  I t h i n k  
have t o  be;  i n  f a c t  it i s  t h i s  p a r t i c u l a r  branch--the f u n c t i o n  
of t h e  decisionmaker and t h e  management system--that  de se rves  
a g r e a t  d e a l  o f  a t t e n t i o n .  I t  i s  where we a r e  working. My 
group a r e  n o t  t r y i n g  t o  s t and  away from t h e  h e a l t h  s e r v i c e ,  
model it, and then  say  what it ought  t o  be  l i k e .  W e  a r e  i n -  
volved w i t h  decisionmakers  and wi th  management, and t h e r e f o r e ,  
r e f e r r i n g  t o  Sh igan ' s  F igure  3 a g a i n ,  I would say we have 
ano the r  loop  going around--model, decisionmaker/manager, and 
back through t h e  model. I would argue t h a t  t h e  decisionmaker 
b lock  i n  t h e  diagram b reaks  down i n t o  many dimensions a s  i n  t h e  
model of  t h e  system. Both a r e  mul t id imens ional  boxes. And s o  
i s  management. 
I n  t h e  United Kingdom, t h e  h e a l t h  s e r v i c e  i s  n o t  t h e  l i n e  
management r e s p o n s i b i l i t y  of  t h e  c e n t r a l  government. The cen- 
t r a l  government s e t s  t h e  budget l e v e l ,  d i s t r i b u t e s  t h e  money t o  
r e g i o n s  ( o r  i n  IIASA terminology,  d i s t r i c t s ) ,  and t h e  d i s t r i c t s  
have t h e  r e s p o n s i b i l i t y  f o r  l i n e  management. But i n  o r d e r  t o  
g e t  t h e i r  a p p r o p r i a t i o n s ,  t h e y  have  t o  submi t  p l a n s  which a r e  
a n a l y z e d  c e n t r a l l y  t o  see i f  t h e y  conform w i t h  t h e  p o l i c y  d i r e c -  
t i v e s  of government. And s o  we have a  c y c l e .  
Our models a r e  used i n  t h e  Department ,  i . e .  i n  C e n t r a l  
Government, i n  c o n t r i b u t i n g  towards  p o l i c y  d e c i s i o n s .  The o u t -  
p u t  o f  o u r  work p l u s  c o n t r i b u t i o n s  from o t h e r  f i e l d s  i n f l u e n c e s  
p o l i c y  s t a t e m e n t s  which go b e f o r e  P a r l i a m e n t .  
There  was a  r e c e n t  example a b o u t  two y e a r s  ago when 
Government p u b l i s h e d  t h e  White Paper  " B e t t e r  S e r v i c e s  f o r  t h e  
M e n t a l l y  I l l " .  Our work c o n t r i b u t e d  t o  t h a t .  The p a r t i c u l a r  
c o n t r i b u t i o n  h e r e  was t o  d e m o n s t r a t e  t h e  f e a s i b i l i t y  i n  terms of 
c a s h  f l o w  and t i m i n g  of  b e i n g  a b l e  t o  s h i f t  from i n s t i t u t i o n a l  
c a r e  o f  t h e  m e n t a l l y  ill t o  c a r e  based  much more i n  t h e  community 
What i s  f e a s i b l e  i n  a  15 y e a r  t i m e  span?  !f ia t  would it c o s t ?  
How would t h e  c a s h  f low look?  Tha t  k i n d  o f  q u e s t i o n .  The r e f -  
e r e n c e  t o  o u r  work a p p e a r s  i n  a  p a r a g r a p h  i n  t h a t  White Paper .  
Tha t  i s  one example o f  how we i n t e r f a c e ,  i . e .  i n  forming n a t i o n a l  
p o l i c y .  
We a l s o  c o n t r i b u t e  towards  t h e  a p p r o p r i a t i o n s  p r o c e s s .  
C e n t r a l  Government d e t e r m i n e s  how much money it can spend on t h e  
h e a l t h  budge t  f o r  t h e  n e x t  p l a n n i n g  p e r i o d .  T h a t  money h a s  t o  
be d i v i d e d  between " d i s t r i c t s "  (IIASA t e r m i n o l o g y ) - - t h e r e  a r e  
14 i n  England; Wales and S c o t l a n d  a r e  s e p a r a t e .  The 14 d i s t r i c t s  
g e t  t h e i r  money a c c o r d i n g  t o  a  set  of  r u l e s ,  a s  d e s c r i b e d  i n  a  
p u b l i c a t i o n  c a l l e d  "The Repor t  o f  t h e  Resource A l l o c a t i o n  Working 
P a r t y ,  S h a r i n g  Resources  f o r  H e a l t h  i n  England".  
F o r  t h e  f i r s t  t i m e  t h i s  y e a r  t h e r e  i s  a new way of c u t t i n g  
up t h e  n a t i o n a l  "cake" ,  which i s  based  on some of  o u r  model ing 
work. I t  i s  a f i n a n c i a l  model. What it i s  d o i n g  r e a l l y  i s  
a t t e m p t i n g  t o  r e d i s t r i b u t e  t h e  money i n  a  r a t i o n a l  way r a t h e r  
t h a n  go  on i n  t h e  t r a d i t i o n a l  way o f  what was done l a s t  y e a r  p l u s  
a  b i t  o r  minus a  b i t .  The r e a s o n  b e i n g  t h a t  it was d e c i d e d  by 
p o l i t i c i a n s  t h a t  t h e r e  was n o t  a  f a i r  d i s t r i b u t i o n  of h e a l t h  
s e r v i c e s  o v e r  t h e  c o u n t r y  a s  a  whole.  Too g r e a t  a  p r o p o r t i o n  o f  
t h e  h e a l t h  c a r e  was b e i n g  d e l i v e r e d  i n  London, around t e a c h i n g  
h o s p i t a l s ,  g i v i n g  a  r e l a t i v e l y  h i g h  s t a n d a r d  o f  c a r e ,  and t o o  
l i t t l e  i n  some o f  t h e  i n d u s t r i a l  and r u r a l  a r e a s .  And t h i s  was 
a  d e l i b e r a t e  a t t e m p t  t o  s h i f t  t h e  b a l a n c e .  
I t h i n k  one o f  t h e  problems t h a t  modelers  have t o  f a c e  and 
r e c o g n i z e  i s  t h a t  we a r e  d e a l i n g  w i t h  v e r y  s t a b l e  sys tems .  The 
h e a l t h  c a r e  systems i n  t h e  deve loped  c o u n t r i e s  a r e  r e a l l y  q u i t e  
s t a b l e .  They do n o t  b r e a k  down when s t r e s s e d ;  t h e y  a r e  s t a b l e  
i n  t h e  s c i e n t i f i c  s e n s e .  And it f o l l o w s ,  t h a t  t h e y  a r e  r a t h e r  
d i f f i c u l t  t o  change.  There  i s  o n l y  room t o  change them by a  
few p e r c e n t  on t h e  margin.  So w h i l e  t h e  outcome of  t h i s  new 
method o f  s e t t i n g  t h e  f i n a n c i a l  d i s t r i b u t i o n  t o  t h e  o u t s i d e  ob- 
s e r v e r  would n o t  look  v e r y  d i f f e r e n t ,  it i s  c a u s i n g  a  g r e a t  d e a l  
o f  d i s c u s s i o n .  There  i s  argument ,  p a r t i c u l a r l y  among t h e  medica l  
p r o f e s s i o n  because  t h e r e  i s  some movement away from t h e  t r a d i -  
t i o n a l  c e n t e r s  t h a t  have always had t h e  l a r g e r  s h a r e  o f  t h e  
r e s o u r c e s .  So it i s  i m p o r t a n t .  
A l l o c a t i o n  o f  f i n a n c e  is  a  c e n t r a l  f u n c t i o n .  [There  a r e  
o t h e r  c e n t r a l  f u n c t i o n s ,  f o r  example,  t h e  s i z e  o f  m e d i c a l  t r a i n -  
i n g  s c h o o l s .  The number o f  s t u d e n t s  t h a t  a r e  go ing  t o  go th rough  
t h e  sys tem i s  c o n t r o l l e d  c e n t r a l l y ,  s o  t h a t  some o f  t h e  manpower 
p l a n n i n g  f o r  t h e  m e d i c a l  p r o f e s s i o n  i s  a  c e n t r a l  f u n c t i o n  i n  o u r  
c o u n t r y  and t h i s  o f  c o u r s e  l i n k s  t o  management a s  w e l l . ]  Once 
t h e  amount o f  monies h a s  been de te rmined  c e n t r a l l y  it goes  t o  
d i s t r i c t s .  They have t o  g e n e r a t e  t h e i r  own s t r a t e g i c  p l a n s  o v e r  
a  10  y e a r  o r  s o  c y c l e  and s u b m i t  t h e s e  back t o  t h e  depar tment .  
These t h e n  c o n t r i b u t e  t o  t h e  n e x t  annua l  c y c l e  o f  budge t  s e t t i n g .  
And i n  t h a t  loop  round ,  t h e r e  i s  a  c e n t r a l  a n a l y t i c a l  team t h a t  
examines  t h e  p l a n s  and r e l a t e s  them t o  t h e  n a t i o n a l  s t r a t e g i c  
g u i d e l i n e s  and p r i o r i t i e s .  T h i s  team c o n s i s t s  o f  o p e r a t i o n a l  
r e s e a r c h  s c i e n t i s t s  (drawn from my g r o u p ) ,  economis t s  and t h e  
s t a t i s t i c i a n s .  T h i s  th ree -pronged  team examines  t h e  p l a n s  a s  
t h e y  come i n  and  sees t h a t  t h e y  a r e  c o n s i s t a n t  w i t h  n a t i o n a l  
p o l i c i e s ;  f o r  example,  it may b e  t h o u g h t  n e c e s s a r y  t o  d e v e l o p  
more c a r e  o f  t h e  m e n t a l l y  ill, o r  more c a r e  of  t h e  p h y s i c a l l y  
handicapped ,  o r  t h a t  c h i l d r e n  between t h e  age  o f  12  and 18 s h o u l d  
have  more r e s o u r c e s .  The t a s k  would be t o  see i f  p l a n s  coming 
up were i n  agreement  w i t h  t h a t  k i n d  of  v e r y  b road  s t a t e m e n t .  
The macromodel, o u r  main r e s o u r c e  a l l o c a t i o n  model r e f e r r e d  t o  
by D r .  F l e i s s n e r ,  works a t  t h e  n a t i o n a l  l e v e l  and a s s i s t s  i n  
t h e  s e t t i n g  o f  n a t i o n a l  p r i o r i t i e s .  
The d i s t r i c t  p l a n s  a r e  t h e  t o p  of  t h e  l i n e  management o f  
t h e  sys tem,  and a r e  themse lves  amalgamations  of a r e a  p l a n s .  
(There  a r e  90 a r e a s  undernea th  t h e  d i s t r i c t s . )  T h a t  i s  r e a l l y  
t h e  p l a c e  where t h e  h e a l t h  c a r e  d e l i v e r y  s t r a t e g i c  p l a n s  a r e  set .  
W e  a r e  u s i n g  t h e  same r e s o u r c e  a l l o c a t i o n  model, t h e  macromodel, 
w i t h  c e r t a i n  m o d i f i c a t i o n s  t o  t h e  d e t a i l ,  i n  two a r e a s  o f  t h e  
c o u n t r y .  One i n  Devon, a  county  i n  s o u t h w e s t  England, and one 
i n  Warwickshire ,  a  county  i n  c e n t r a l  England,  n e a r  Birmingham. 
And t h e  problems a s  p e r c e i v e d  by t h e  a r e a  a u t h o r i t i e s  i n  t h o s e  
two a r e a s  a r e  somewhat d i f f e r e n t .  Thus w e  a r e  u s i n g  t h e  model 
i n  two l o c a l i t i e s  f o r  two r a t h e r  d i f f e r e n t  p u r p o s e s .  And t h i s  
i s  why I stress t h a t  d e c i s i o n t a k i n g  i s  n o t  a  ! s i n g l e  e n t i t y ,  t h a t  
you can j u s t  p u t  a  r i n g  around.  I t  h a s  many d imens ions .  The 
problem i n  Devon, which t e n d s  t o  be a  r e t i r e m e n t  a r e a ,  a r i s e s  
because  it is  o v e r l o a d e d  w i t h  e l d e r l y ,  it d o e s  n o t  have a  l o t  
of  i n d u s t r y ,  it is  an  a g r i c u l t u r a l  c o u n t y ,  w i t h  a  f a v o r a b l e  
c l i m a t e  on t h e  c o a s t  where r e t i r e d  p e o p l e  t e n d  t o  m i g r a t e .  So 
it i s  n o t  a  t y p i c a l  microcosm o f  t h e  c o u n t r y  a s  a  whole .  I t  i s  
a  b i t  s p e c i a l .  I t  means t h a t  t h e y  have a  h i g h e r  p r o p o r t i o n  o f  
c a r e  t o  d e l i v e r  a s  opposed t o  c u r e .  I t  i s  n o t  w i t h  a c u t e  hos- 
p i t a l  p r o v i s i o n  t h a t  t h e r e  i s  a  problem,  it i s  j u s t  c a r i n g  f o r  
an e l d e r l y  p o p u l a t i o n ,  c o m p l i c a t e d  by a l s o  h a v i n g  a  r u r a l  popu- 
l a t i o n  which i s  d i s t a n t  from a c u t e  m e d i c a l  c e n t e r s .  The problem 
a s  t h e y  see it i s  t h e i r  i n t e r f a c e  between t h e  m e d i c a l  s y s t e m  
and t h e  s o c i a l  s e r v i c e  system.  I n  t h e  new o r g a n i z a t i o n  of  h e a l t h  
s e r v i c e s  i n  t h e  UK t h e r e  e x i s t s  a  j o i n t  p l a n n i n g  f u n c t i o n  i n  
which bo th  h e a l t h  and s o c i a l  s e r v i c e  a u t h o r i t i e s  t a k e  p a r t .  
There  i s  t h e  p o s s i b i l i t y  f o r  some money t h a t  h a s  been v o t e d  f o r  
h e a l t h  c a r e  t o  be swi tched  t o  l o c a l  a u t h o r i t y  s o c i a l  s e r v i c e s  
f o r  s u p p o r t  o f  needy s e c t i o n s  o f  p o p u l a t i o n .  I t  might  be domes- 
t i c  accomodation f o r  m e n t a l l y  ill who a r e  n o t  s o  ill t h e y  have 
g o t  t o  be i n  h o s p i t a l s ,  b u t  a t  t h e  same t i m e  t h e y  need some 
s h e l t e r .  E q u a l l y  some o f  t h e  elderly--maybe t h e y  do  n o t  need 
f u l l  i n s t i t u t i o n a l  c a r e ,  b u t  can  be m a i n t a i n e d  i n  t h e  community 
i f  t h e y  have some s u p p o r t ,  and t h a t  i s  a  l o c a l  a u t h o r i t y  func-  
t i o n ,  n o t  a  h e a l t h  s e r v i c e s  f u n c t i o n .  
Our same macromodel i s  b e i n g  used t o  s e r v i c e  t h e  j o i n t  c a r e  
p l a n n i n g  team i n  Devon s o  t h a t  t h e y  can harmonize t h e i r  p l a n s .  
T h i s  i s s u e  is  q u i t e  d i f f e r e n t  from t h e  d e c i s i o n  a b o u t  t h e  b a l a n c e  
between i n s t i t u t i o n a l  c a r e  and community c a r e - - f o r  one t h i n g  it 
i s  a t  a  more micro l e v e l .  
I n  Warwickshire ,  t h e  problem i s  r a t h e r  d i f f e r e n t .  The 
emphasis  t h e r e  is  more on t h e  medica l  s i d e .  They a r e  concerned  
w i t h  t h e  a c u t e  and g e n e r a l  p r a c t i t i o n e r  s e r v i c e  and y e t  it i s  
t h e  same model b e i n g  used .  
So t h o s e  a r e  two s p e c i f i c  ways i n  which t h e  model i s  -cur- 
r e n t l y  b e i n g  used.  The c u r r e n t  p l a n n i n g  c y c l e  h a s  j u s t  s t a r t e d  
and t h e  p l a n s  a r e  j u s t  coming i n ,  from l o c a l  h e a l t h  a u t h o r i t i e s  
t o  c e n t r a l  government.  They a r e  meant t o  conform w i t h  a  govern- 
ment p u b l i c a t i o n  c a l l e d  a  C o n s u l t a t i v e  Document. I t  i s  n o t  an  
i n s t r u m e n t  of P a r l i a m e n t  t e l l i n g  p e o p l e  what t h e y  have g o t  t o  
do.  I t  i s  merely a  document which e x p r e s s e s  t h e  p o l i t i c a l  wish  
of a  government and p u t s  it fo rward  f o r  d i s c u s s i o n .  
The macromodel was used t o  show t h a t  t h e  document was con- 
s i s t e n t  b o t h  l o g i c a l l y  and resource-wise ,  and n o t  p roduc ing  
d i r e c t i v e s  which were i n  c o n f l i c t  w i t h  one a n o t h e r .  
W e  a r e  a l s o  involved--but  n o t  by u s i n g  t h e  macromodel 
a p p r o a c h - - a s s i s t i n g  w i t h  o t h e r  d e c i s i o n s  which f a c e  p e o p l e  a t  
a r e a  l e v e l .  There  a r e  some s i m i l a r i t i e s  w i t h  e a r l i e r  p r e s e n t a -  
t i o n s .  I t  i s  i n t e r e s t i n g  t h a t  w i t h  d i f f e r e n t  sys tems ,  w i t h  d i f -  
f e r e n t  c o u n t r i e s ,  one seems t o  come back t o  t h e  same problems.  
W e  a r e  now working on one problem which D r .  D i e t r i c h  spoke of  
a s  b e i n g  a  problem i n  W e s t  Germany. I d i d  n o t  know he  had t h a t  
problem and I was q u i t e  s u r p r i s e d  a b o u t  what he  s a i d .  W e  have  
t h e  same problem. I t  i s  t o  do w i t h  t h e  d e f e n s e  h o s p i t a l .  W e  
a r e  l o o k i n g  a t  an a r e a  p l a n  i n  t h e  s o u t h  o f  England which i n -  
c l u d e s  Southampton and Portsmouth and i t  s t r e t c h e s  up beyond 
Winches te r  t o  Bas ings toke .  
The p o p u l a t i o n  i s  c o n c e n t r a t e d  i n  t h e  Portsmouth-Southampton 
a r e a .  I n  t h e  " d i s t r i c t "  a r e  o t h e r  a g r i c u l t u r a l  c o u n t i e s  b u t  no  
o t h e r  major  c e n t e r s  of p o p u l a t i o n .  The problem t h a t  i s  f a c i n g  
t h e  p l a n n e r s  h a s  two i n g r e d i e n t s .  One i s  t h e  development o f  
a  new t e a c h i n g  h o s p i t a l ,  i n  an a r e a  t h a t  h a s  n o t  had a  t e a c h i n g  
h o s p i t a l  b e f o r e  and t h i s  h a s  t o  be p lanned  i n .  We a r e  h a v i n g  
t o  do  t h i s  i n  a  d i f f e r e n t  economy from t h e  J a p a n e s e  economy t h a t  
P r o f e s s o r  Atsumi d e s c r i b e d .  H e  had a  l a r g e  growth o f  GXP--we 
have  l i t t l e  o r  no  growth.  W e  have t o  c o n s i d e r  a  t e a c h i n g  hos-  
p i t a l  w i t h  a l l  t h e  f a c i l i t i e s  t h a t  i m p l i e s  w i t h o u t  growth,  o r  
v e r y  l i t t l e ,  o f  revenue  r e s o u r c e s .  I t  i s  v e r y  d i f f i c u l t .  How- 
e v e r  t h i s  i s  compl ica ted  by a  n a v a l  h o s p i t a l .  The problem i s  
t h a t  d e s c r i b e d  by D r .  D i e t r i c h .  The navy wants  t o  c a p t u r e  young 
c l i n i c i a n s ,  t h e y  want t o  keep  t h e i r  h o s p i t a l ,  b u t  t o  make it 
r e a l l y  v i a b l e  from t h e  p o i n t  o f  view o f  t r a i n i n g  and p r o v i d i n g  
e x p e r i e n c e  and b e i n g  a t t r a c t i v e  t o  medica l  p e o p l e  e n t e r i n g  t h e  
navy.  T h i s  means t h e  i n c l u s i o n  o f  e. g .  o b s t e t r i c s ,  gynecology,  
and p e d i a t r i c s  t o  make it a  whole h o s p i t a l  open t o  t h e  p u b l i c .  
The p l a n n e r  f o r  t h a t  a r e a  h a s  g o t  t h i s  n a s t y  complex prob-  
l e m .  H i s  f i r s t  t a s k  i s  t o  grow a  medica l  s c h o o l  b u t  a l s o  i f  h e  
goes  a l o n g  w i t h  t h e  n a v a l  p l a n ,  h e  w i l l  have t o  p r o v i d e  some 
funds  f o r  p a r t  o f  t h e i r  h o s p i t a l .  So he  h a s  a  v e r y  t r i c k y  p l a n -  
n i n g  problem w i t h  no  e x t r a  r e s o u r c e s .  These a r e  t h e  s o r t s  o f  
d e c i s i o n s  t h a t  have t o  be f a c e d  once we open up t h a t  d e c i s i o n  
box i n  P r o f e s s o r  S h i g a n ' s  schema. I do  n o t  t h i n k  t h e y  a r e  
un ique  t o  t h e  UK; t h a t  i s  why I have  p i c k e d  t h i s  p a r t i c u l a r  ex- 
ample.  Modelers  have  g o t  t o  u n d e r s t a n d  t h e  s t r u c t u r e  of  t h e  
d e c i s i o n  p r o c e s s  and what p o s s i b l e  d e c i s i o n s  a r e :  because  o f  
t h e  s t a b i l i t y  o f  t h e  sys tem it i s  n o t  p o s s i b l e  t o  p i c k  t h e  whole 
t h i n g  up and change i t  c o m p l e t e l y .  There  h a s  t o  be a  growth 
p r o c e s s  and what we have  t o  do i s  t r y  t o  p l a n  f l e x i b i l i t y  and 
a  widen ing  f i e l d  o f  o p t i o n s  r a t h e r  t h a n  g o i n g  down a  p a t h  which 
nar rows  c h o i c e  and f i x e s  t h e  whole system f o r  a  l o n g  t i m e .  
Another  e lement  coming i n t o  o u r  work, which was ment ioned 
by D r .  F l e i s s n e r ,  i s  t h e  a r e a  o f  e v a l u a t i o n .  I f  I go back t o  
t h e  dichotomy o f  c a r e  and c u r e  which I mentioned e a r l i e r ,  a  l o t  
o f  o u r  work is s p e n t  on t h e  c a r e  end o f  t h e  sys tem b e c a u s e  t h a t  
i s  where a  l o t  o f  r e s o u r c e s  go. I t  i s  an  a r e a  where s o c i a l  
p r e s s u r e s  a r e  f o r c i n g  t h e  sys tem t o  d e v o t e  more and more o f  i t s  
r e s o u r c e s - - l o o k i n g  a f t e r  t h e  e l d e r l y ,  t h e  m e n t a l l y  ill, t h e  men- 
t a l l y  handicapped ,  t h e  p h y s i c a l l y  d i s a b l e d .  
W e  a r e  n o t  t r y i n g  t o  c u r e  them--we c a n n o t .  But we have  t o  
d e v o t e  more and more r e s o u r c e s  t o  t h e i r  c a r e .  On t h e  a c u t e  s i d e ,  
t h e  c u r e  side--we a r e  b e g i n n i n g  t o  become i n v o l v e d  i n  t h e  a r e a  
o f  e v a l u a t i o n .  W e  have developed a  g e n e r a l i z e d  method f o r  do ing  
t h i s  which i n v o l v e s  p r o d u c i n g  a  mathemat ica l  model o f  p a t i e n t  
p r o g r e s s  f o r  t h e  d i s e a s e  under  s t u d y .  So f a r  w e  h a v e  a p p l i e d  
t h i s  approach ,  w i t h  some s u c c e s s  t o  two s p e c i f i c  c a n c e r s :  a c u t e  
myeloid l eukemia ,  and Hodgkin 's  d i s e a s e .  Some o f  t h e  work on 
a c u t e  myeloid leukemia was r e p o r t e d  a t  a  P a r i s  NATO c o n f e r e n c e ,  
and t h a t  work i s  c o n t i n u i n g .  W e  have reached  t h e  s t a g e  where 
o u r  model a c t u a l l y  f i t s  p a s t  t r i a l s  a t  S t .  Bar tholomew's  H o s p i t a l ,  
t h e  Royal Marsden H o s p i t a l  i n  South  London, and S t .  N a r y ' s  
H o s p i t a l  Manchester .  I n  a d d i t i o n  we a r e  i n  t h e  p r o c e s s  of  ana- 
l y z i n g  some a c u t e  myeloid leukemia d a t a  from t h e  S l o a n e - K e t t e r i n g  
C l i n i c  i n  New York. 
Somebody was a s k i n g  e a r l i e r  i f  ou r  work was pub l i shed .  We 
a r e  a  l i t t l e  d i f f e r e n t  from many of you h e r e  i n  t h a t  we a r e  n o t  
a  r e s e a r c h  o r g a n i z a t i o n ,  we a r e  p a r t  of a  Government Department. 
Our main f u n c t i o n  i s  t o  s e r v i c e  t h e  dec is ionmakers  on t h e  prob- 
lems t h a t  a r i s e  w i t h i n  t h e  Department and D r .  Levien s t r e s s e d  
t h a t  IIASA was n o t  l i k e  t h a t  and he  had very  good r ea sons  why it 
should  n o t  be l i k e  t h a t .  I t h i n k  t h e r e  a r e  some good r ea sons  why 
it should  be l i k e  t h a t ,  i f  I may say  so .  
To use  an American c o l l o q u i a l i s m ,  a t  l e a s t  we g e t  some of  t h e  
a c t i o n .  I am very  consc ious  t h a t  i n  be ing  p a r t  of a  Department 
we could  become inb red  and n o t  exposed t o  ou r  s c i e n t i f i c  p e e r s .  
That  i s  why we t r y  t o  p r e s e n t  o u r  work a t  ~ o n f e r e n c e s ,  we t r y  t o  
j o i n  i n  w i th  IIASA, w i t h  o t h e r  n a t i o n a l  and i n t e r n a t i o n a l  groups.  
We do have some of  ou r  work done i n  u n i v e r s i t i e s ,  t o  ensu re  t h a t  
we a r e  c o n s t a n t l y  exposed t o  academic c r i t i c i s m .  But b a s i c a l l y  
t h e  endpo in t  o f  o u r  s t udy  i s  n o t  n e c e s s a r i l y  a  r e s e a r c h  r e p o r t  a s  
i s  u s u a l l y  t h e  ca se .  I t  could be a  c o n t r i b u t i o n  t o  a  Government 
p o l i c y  pape r ,  e . g .  a  paragraph  i n  t h e  r e p o r t  of  "Resource Alloca-  
t i o n  Working P a r t y "  t h a t  I mentioned e a r l i e r .  
F i n a l l y ,  we have a l s o  done work on h o s p i t a l  s i z e .  Again I 
can  s e e  p a r a l l e l s  i n  o u r  expe r i ence  w i t h  t h e  o u t l i n e  t h a t  was 
g iven  by D r .  D i e t r i c h .  I ag ree  t h a t  t h e  problem i s  t r a n s f e r a b l e .  
You can e i t h e r  look a t  it a s  a  problem of  h o s p i t a l  s i z e  o r  you 
can look a t  it a s  one of  catchment  a r e a s .  I f  t h e r e  i s  a  n a t u r a l  
catchment  a r e a ,  then  t h e  problem i s  where t o  l o c a t e  t h e  a c u t e  
beds  f o r  t h a t  area--do you p u t  them i n  one p l a c e  o r  two? And 
t h a t  immediately i m p l i e s  a  problem of h o s p i t a l  s i z e .  The prob- 
lems can  o v e r l a p  and t h i s  seems t o  be p a r t  o f  t h e  message o f  t h e  
Nest  German p r e s e n t a t i o n .  I t  was c e r t a i n l y  o u r  expe r i ence :  we 
s t a r t e d  on t h e  s i z e  problem and we ended up a lmos t  a t  t h e  pre-  
s e n t a t i o n  s t a g e  by r ecogn iz ing  t h a t  we were n o t  r e a l l y  t a l k i n g  
about  a  h o s p i t a l  s i z e ,  we were t a l k i n g  about  a  n a t u r a l  catchment  
a r e a  and how t o  d e l i v e r  medical  c a r e  i n  t h a t  a r e a .  Th i s  view of  
t h e  problem i s  more r e a d i l y  understood by l i n e  management s i n c e  
t h a t  i s  more n e a r l y  t h e  problem a s  t hey  s e e  it. 
DISCUSSION 
I n  r e f e r e n c e  t o  q u e s t i o n s  from P r o f e s s o r  Atsumi, P r o f e s s o r  
McDonald exp l a ined  h i s  view of  t h e  s t a b i l i t y  of HCS i n  developed 
c o u n t r i e s .  He sugges ted  t h a t  s i n c e  t h e  margin f o r  change i n  any 
one y e a r  i s  sma l l ,  a  s u s t a i n e d  p r e s s u r e  over  a  number of  y e a r s  
i s  needed t o  e l i c i t  a  s i g n i f i c a n t  change. P r o f e s s o r  Shigan 
s a i d  t h a t  t h e  UK h e a l t h  s e r v i c e  had r e l a t i v e l y  good s t a t i s t i c s  
and t h a t  it was p a r t i c u l a r l y  a p p r o p r i a t e  t h a t  D r .  Gibbs, a  member 
of  P r o f e s s o r  McDonald's group,  would soon be j o i n i n g  t h e  IIASA 
biomedica l  team. I n  t h e  d i s c u s s i o n  on s t a f f i n g ,  P r o f e s s o r  
14cDonald s a i d  t h a t  h a l f  of  t h e  work program of  h i s  group was 
c a r r i e d  o u t  by o u t s i d e  groups  i n  u n i v e r s i t i e s ,  i n s t i t u t e s  and 
consu l t ancy  o r g a n i z a t i o n s  working under c o n t r a c t ;  one advantage 
of t h i s  arrangement  was t h e  p r o f e s s i o n a l  c o n t a c t s  between t h e  
i n t e r n a l  and o u t s i d e  s t a f f .  
Systems A n a l y s i s  i n  P u b l i c  H e a l t h  
S e r v i c e s  i n  t h e  S o v i e t  Union 
Y .  Komarov 
L e t  m e  t e l l  you a  l i t t l e  a b o u t  t h e  a p p l i c a t i o n  o f  sys tems  
a n a l y s i s  i n  p u b l i c  h e a l t h  s e r v i c e s  i n  t h e  S o v i e t  Union. During 
t h e  l a s t  decade ,  r e g u l a r  work t h e r e  h a s  been done t o  b u i l d  a  
h e a l t h  i n f o r m a t i o n  sys tem a l l  o v e r  t h e  c o u n t r y .  The work is  i n  
t h r e e  main d i r e c t i o n s .  The f i r s t  i s  t o  e s t a b l i s h  a  network o f  
computer m e d i c a l  c e n t e r s  a t  n a t i o n a l ,  r e p u b l i c ,  d i s t r i c t ,  and 
e s t a b l i s h m e n t  l e v e l s .  Medical  p e r s o n n e l  a r e  b e i n g  t r a i n e d  i n  
computer  p r o c e s s i n g  o f  i n f o r m a t i o n  and i n  s y s t e m s  a n a l y s i s .  
S t a n d a r d  d e s i g n s  and norms a r e  b e i n g  deve loped  a s  w e l l  a s  s t a n -  
d a r d  p r o c e d u r e s  and methods o f  c o l l e c t i n g  and a n a l y z i n g  d a t a .  
Package programs a r e  b e i n g  w r i t t e n .  The second d i r e c t i o n  con- 
sists o f  d e v e l o p i n g  s e v e r a l  subsys tems  of  t h e  h e a l t h  sys tem f o r  
a u t o m a t i c  p l a n n i n g  and management. The t h i r d  d i r e c t i o n  i s  t o  
d e v e l o p  a  dynamic s i m u l a t i o n  model o f  p u b l i c  h e a l t h .  
A t  t h e  n a t i o n a l  and r e p u b l i c  l e v e l ,  we f i r s t  o f  a l l  b u i l t  
n o n - s p e c i f i c  o r  a u x i l i a r y  subsys tems ,  f o r  example,  an informa-  
t i o n  subsys tem f o r  r e c o r d i n g  m e d i c a l  p e r s o n n e l ,  t h e  subsys tem o f  
p l a n n i n g  d r u g  p r o v i s i o n ,  etc.  Then we b u i l t  s p e c i f i c  subsys tems  
such  a s  t h e  m e d i c a l  s t a t i s t i c s  subsys tem,  t h e  e p i d e m i o l o g i c a l  
subsystem,  t h e  s t a n d a r d  r e f e r e n c e  i n f o r m a t i o n  subsys tem,  t h e  
t r e a t m e n t  and p r o p h y l a x i s  subsystem,  and s o  on. A t  t h e  r e g i o n a l  
l e v e l ,  t h e r e  a r e  a  c o n s i d e r a b l e  number o f  t h e s e  subsys tems .  A 
number of  c i t ies  have a l s o  c o n t i n u e d  work on i n t e g r a t e d  sys tems  
o f  emergency h o s p i t a l i z a t i o n  and i n t e n s i v e  c a r e ,  e t c .  A t  t h e  
e s t a b l i s h m e n t  l e v e l ,  a  number o f  i n f o r m a t i o n  s y s t e m s  a r e  b e i n g  
d e v e l o p e d ,  such  a s  i n f o r m a t i o n  sys tems  of  s c i e n t i f i c  r e s e a r c h  
i n s t i t u t e s ,  f o r  example,  t h e n  f o r  a  l a r g e  m u l t i p r o f i l e  h o s p i t a l  
and p o l y c l i n i c ,  and s o  on. 
The b u i l d i n g  o f  m e d i c a l  i n f o r m a t i o n  s y s t e m s  i n  t h e  USSR h a s  
a l r e a d y  gone beyond t h e  s t a g e  o f  d i s c u s s i n g  whether  t h e y  a r e  
needed i n  g e n e r a l .  One more i m p o r t a n t  c o n s i d e r a t i o n  i s  t h a t  t h e  
i n f o r m a t i o n  sys tem i s  a  b a s e  f o r  p u b l i c  h e a l t h  model ing.  For  
t h i s  p u r p o s e ,  we b u i l d  t h e  d e c i s i o n  model of  h e a l t h  c a r e  and we 
p l a n  t o  work i n  t h e  a r e a  o f  s y s t e m  model ing a t  t h e  d i f f e r e n t  
l e v e l s .  For  example,  by u s i n g  l i n e a r  programming a t  t h e  r e p u b l i c  
l e v e l ,  we b u i l t  a  model f o r  t h e  l o c a t i o n  of  h e a l t h  i n s t i t u t i o n s .  
Some o f  t h e s e  models a r e  i n c l u d e d  i n  t h e  c a t a l o g  of models  i n  
IIASA. We a l s o  work on c r e a t i n g  d i f f e r e n t  common i n t e g r a t e d  
c r i t e r i a  f o r  p u b l i c  h e a l t h  w i t h  some s u c c e s s .  
I n  o u r  c o u n t r y ,  w i t h  t h e  l e a d e r s h i p  o f  t h e  Deputy M i n i s t e r  
o f  H e a l t h ,  D. Venedic tov ,  and w i t h  IIASA s p e c i a l i s t s  we proposed 
a  methodology o f  p u b l i c  h e a l t h  model ing a t  t h e  n a t i o n a l  l e v e l .  
DISCUSSION 
P r o f e s s o r  Shigan e x p l a i n e d  t h a t  i n  t h e  S o v i e t  Union t h e  
deve lopment  o f  d a t a  p r o c e s s i n g  s y s t e m s  is  c o o r d i n a t e d  by a  board  
which h a s  d i s t r i b u t e d  t h e  work between d i f f e r e n t  r e p u b l i c s .  For  
i n s t a n c e  L a t v i a  i s  r e s p o n s i b l e  f o r  t h e  s o l u t i o n  o f  d r u g  problems.  
Some of  t h e  p r o j e c t s  a r e  v e r y  n e a r  t o  implementa t ion .  
P r o f e s s o r  Fuchs-Kit towski  a s k e d  a b o u t  t h e  i n t e r a c t i o n  between 
t h e  t h r e e  a s p e c t s  o f  t h e  work i n  t h e  S o v i e t  Union--data p r o c e s s i n g ,  
t h e  i n f o r m a t i o n  sys tem f o r  p l a n n i n g  and management, and t h e  h e a l t h  
c a r e  model--and s u g g e s t e d  t h a t  t h e  work on t h e  model might  h e l p  
t o  c r e a t e  a  c o n c e p t u a l  b a s i s  f o r  t h e  o t h e r  two. D r .  Komarov con- 
f i r m e d  t h a t  a l l  t h r e e  a s p e c t s  w e r e  connec ted  and b e i n g  deve loped  
a c c o r d i n g  t o  an o v e r a l l  p l a n .  P r o f e s s o r  Atsumi s a i d  t h a t  a  s i m i -  
l a r l y  comprehensive sys tems  approach  was b e i n g  a p p l i e d  i n  an a r e a  
i n  Japan  o f  a b o u t  one m i l l i o n  p o p u l a t i o n  w i t h  submodels  b e i n g  
deve loped  i n  s m a l l e r  u n i t s  w i t h i n  t h e  a r e a .  
P r o f e s s o r  Sh igan  s t r e s s e d  t h e  t e c h n i c a l  problems t h a t  had 
been e n c o u n t e r e d  i n  Sweden, U K ,  USA, and o t h e r  c o u n t r i e s  on t h e  
s u b j e c t  o f  ~ ~ ~ e d i c a l  r e c o r d  l i n k a g e .  D r .  ~ a r o  s a i d  t h a t  >THO was 
a r r a n g i n g  f o r  a  t e c h n i c a l  d i s c u s s i o n  i n  Oc tober .  T h i s  would b e  
o r i e n t e d  f i r s t  t o  c o n s i d e r i n g  t h e  i n f o r m a t i o n  r e q u i r e m e n t s  o f  t h e  
d e c i s i o n m a k e r  and t h e n  t o  c o n s i d e r i n g  t h e  t e c h n o l o g i c a l  i m p l i -  
c a t i o n s .  
The Need f o r  an E q u i l i b r i u m  Model i n  
H e a l t h  Care  System P l a n n i n g  
J. -M. Rousseau 
INTRODUCTION 
I n  t h i s  s h o r t  p r e s e n t a t i o n ,  I w i l l  d i s c u s s  one t y p e  o f  
e q u i l i b r i u m  model t h a t  c o u l d  be u s e f u l  f o r  HCS p l a n n i n g .  I w i l l  
a l s o  d i s c u s s  o u r  c u r r e n t  r e s e a r c h  i n  t h i s  a r e a ,  t h e  r e a s o n  why 
s u c h  model s h o u l d  be b u i l t ,  and t h e  s h o r t c o m i n g s  o f  more c l a s s i c a l  
approaches  t o  n a t i o n a l  h e a l t h  c a r e  modeling. But f i r s t  I s h a l l  
i n t r o d u c e  you t o  o u r  n a t i o n a l  HCS. 
QUEBEC NATIONAL HEALTH CARE SYSTEM 
Each p r o v i n c e  i n  Canada h a s  i t s  own i n d e p e n d e n t  sys tem o f  
h e a l t h  c a r e  and each  p r o v i n c e  c o u l d  be c o n s i d e r e d  a s  a  n a t i o n  i n  
t h e  IIASA v o c a b u l a r y .  I n  Quebec, t h e  HCS i s  d i v i d e d  i n  two. A l l  
p h y s i c i a n s  a r e  p a i d  by a  governmenta l  body c a l l e d  RAMQ (Rggie  
d ' a s s u r a n c e  malad ie  du Qugbec).  T h i s  body i s  f i n a n c e d  h a l f  by 
t h e  F e d e r a l  Government and h a l f  by a  s p e c i a l  income t a x .  Most 
p h y s i c i a n s  a r e  p a i d  d i r e c t l y  a  f i x e d  p r i c e  f o r  each  m e d i c a l  ser- 
v i c e  t h e y  r e n d e r  from a  n e g o t i a t e d  l i s t  o f  more than  2 6 0 0  medica l  
p r o c e d u r e s .  I n  IIASA v o c a b u l a r y ,  w e  c o u l d  c a l l  t h e  sys tem a  
N a t i o n a l  Hea l th  I n s u r a n c e  System. The h o s p i t a l i z a t i o n  c o s t s  ( o t h e r  
than  m e d i c a l  s e r v i c e s )  a r e  p a i d  d i r e c t l y  by t h e  M i n i s t r y  of  S o c i a l  
A f f a i r s  from g e n e r a l  t a x a t i o n  ( a b o u t  h a l f  o f  t h i s  c o s t  i s  a l s o  
covered  by t h e  F e d e r a l  Government) .  
Each r e s i d e n t  o f  t h e  p r o v i n c e  h a s  a  h e a l t h  c a r d  ( l i k e  a  c r e d -  
it c a r d )  t h a t  g i v e s  him f r e e  a c c e s s  t o  t h e  sys tem.  The d r u g s  
o u t s i d e  t h e  h o s p i t a l ,  ambulance, d e n t a l  s e r v i c e s  f o r  c h i l d r e n  o v e r  
twe lve  y e a r s  o f  age a r e  n o t  y e t  covered  ( e x c e p t  f o r  p a t i e n t s  re- 
c e i v i n g  s o c i a l  b e n e f i t s ) .  P l a n s  a r e  b e i n g  d r a f t e d  t o  i n c l u d e  
t h e s e  s e r v i c e s  i n  t h e  n e a r  f u t u r e .  
A STANDARD ECONOMIC APPROACH (DEMAND-RESOURCES MATCHING) 
I n  p r o j e c t  Medics, we deve loped  and t e s t e d  a  s t a n d a r d  eco-  
nomic model f o r  HCS p l a n n i n g .  T h i s  model i s  i l l u s t r a t e d  i n  
F i g u r e  1 .  On one s i d e ,  w e  modeled t h e  p o p u l a t i o n  dynamics by a  
demographic model working a t  a  d i s t r i c t  l e v e l .  P r o v i s i o n s  were 
made t o  i n c l u d e  e v e n t u a l l y  socio-economic f a c t o r s .  Modeling then  
t h e  m o r b i d i t y  o f  t h e  p o p u l a t i o n  by i n c i d e n c e  o r  p r e v a l e n c e  r a t e ,  
w e  c o u l d  o b t a i n  f o r  e a c h  g i v e n  p e r i o d  a  f low o f  p a t i e n t s  p e r  
d i s e a s e  c a t e g o r y .  T h i s  f low c o u l d  be  t r a n s f o r m e d  i n  demanded 
r e s o u r c e s  by t h e  c a l c u l a t i o n s  of s t a n d a r d  c a r e  u n i t s  o f  e a c h  
r e s o u r c e s  f o r  e a c h  c l a s s  o f  p a t i e n t s .  On t h e  o t h e r  hand,  re- 
s o u r c e s  c o u l d  b e  f o r e c a s t  f o r  t h e  p h y s i c i a n s  by s t a n d a r d  methods 
( m e d i c a l  s c h o o l  a t t e n d a n c e  and m i g r a t i o n ) ,  and o t h e r  r e s o u r c e s  
c o u l d  b e  f i x e d  by p o l i c y  s e t t i n g .  By c o n s i d e r i n g  u t i l i z a t i o n  
r a t e ,  we c o u l d  o b t a i n  l e v e l s  o f  a v a i l a b l e  r e s o u r c e s .  We t h e n  
have a  p rob lem of  a l l o c a t i n g  a v a i l a b l e  r e s o u r c e s  t o  demanded 
r e s o u r c e s  and t h i s  p rob lem c o u l d  b e  s o l v e d  h e u r i s t i c a l l y  [Milsum, 
e t  a l . ,  1971] ,  by l i n e a r  programming [ B e l a n g e r ,  e t  a l . ,  19741 
o r  by g o a l  programming [ B e l l e r o s e  and Rousseau,  19741. T h i s  i s  
n o t  however t h e  weak p o i n t  o f  t h e  approach .  
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TREATMENTS 
THE FLOW OF PATIENTS ?-+ 
MORBIDITY F1
I RESOURCES 1 
ALLOCATION 
RESULTS 
Figure 1. The Medics Model. 
THE WEAK POINTS OF THE STANDARD APPROACH 
S e v e r a l  weak p o i n t s  c o u l d  b e  i d e n t i f i e d .  The main h y p o t h e s i s  
u n d e r l y i n g  t h i s  approach  i s ,  we t h i n k ,  b a s i c a l l y  wrong. One must  
r e a l i z e  t h a t  t o  a c c e p t  it we need t o  b e l i e v e  t h a t  demanded ( o r  
needed)  r e s o u r c e s  c o u l d  be  c a l c u l a t e d  d i r e c t l y  f rom p o p u l a t i o n  
c h a r a c t e r i s t i c s  ( a g e ,  s e x ,  d i a g n o s t i c ,  e t c . ) .  S e v e r a l  i n d i c e s  
t e n d  t o  r e v e a l  t h a t ,  on t h e  c o n t r a r y ,  t h e  demanded r e s o u r c e s  o r  
consumption o f  r e s o u r c e s  a r e  d i r e c t l y  r e l a t e d  t o  t h e  a v a i l a b l e  
r e sou rces  and t h a t  i n  p r a c t i c e  and i n  a  g l o b a l  p e r s p e c t i v e  demand 
could  never  be s a t u r a t e d ,  o r  i f  we can env i sage  a  s a t u r a t i o n ,  it 
i s  n o t  a t  a  l e v e l  a  s o c i e t y  can a f f o r d .  1Ve can f i n d  t h e  f i r s t  
c l u e  of  t h i s  i n  F igu re  2 where we have r e l a t e d  f o r  o u r  n i n e  d i s -  
t r i c t s  t h e  average c o s t  of medical  s e r v i c e s  p e r  person t o  t h e  
d e n s i t y  of phys i c i ans .  We can a l s o  observe  t h e  same f a c t  from 
ano the r  p o i n t  of view; one can s e e  t h a t  t h e  average revenue of  
p h y s i c i a n s  does n o t  vary g r e a t l y  from one d i s t r i c t  t o  ano the r  even 
i f  t h e  d e n s i t y  of phys i c i ans  v a r i e s  from one t o  t h r e e  (Table  1 ) .  
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Source: RAM0 annual statistics. 
Figure 2. Relationship between medical cost pcr inklabitant and tkw nun~bt-r o f  I ' ~ r l l  
time doctors pcr 100,000 inhabitants in thc nine districts Tor t l ~ c  years 1972,  
1973  and 1974.  
I f  demand were independent  of r e sou rces  one could  expec t  t h e  phy- 
s i c i a n s  t o  work more i n  a r e a s  where t h e r e  a r e  l e s s  phys i c i ans  and 
then  a s  a  consequence e a r n  more*. On t h e  c o n t r a r y ,  one can now say 
t h a t  phys i c i ans  a r e  working t o  a  c e r t a i n  c a p a c i t y  ( n e a r l y  t h e i r  
maximum) wherever t hey  p r a c t i c e  and whatever t h e  popula t ion  and 
t h e  d e n s i t y  of phys i c i ans .  I n  f a c t ,  a  r e c e n t  s tudy  by t h e  RAP40 
*We must remember t h a t  phys i c i ans  a r e  paid d i r e c t l y  f o r  each 
medical  s e r v i c e  t hey  r ende r .  
(1977)  r e v e a l s  t h a t  more t h a n  92% o f  t h e  c o s t  o f  t r e a t m e n t  ( i n -  
c l u d i n g  h o s p i t a l i z a t i o n )  i s  g e n e r a t e d  ( o r  c o n t r o l l e d )  by t h e  phy- 
s i c i a n s  t h e m s e l v e s .  T h e i r  c o n t r o l  on t h e  s y s t e m  i s  g r e a t ;  t h e  
p a t i e n t s  have  g r e a t  c o n f i d e n c e  i n  them and a r e  g e n e r a l l y  happy t o  
r e c e i v e  more s e r v i c e s .  One c a n  f i n d  t h e  same phenomenon i n  
t h e  u t i l i z a t i o n  o f  h o s p i t a l  b e d s ,  a  p o i n t  n o t e d  by s e v e r a l  a u t h o r s  
[ F e l d s t e i n ,  1968; Van d e r  Gaaq, e t  a l . ,  19751. T a b l e  1  g i v e s  some 
i n d i c a t i o n  t h a t  t h i s  i s  a l s o  t r u e  i n  Quebec.  I n  p a r t i c u l a r ,  o n e  
c a n  n o t e  t h a t  i n  t h e  d i s t r i c t  CGte Nord ( 9 ) ,  t h e  number o f  b e d s  
p e r  thousand  i n h a b i t a n t s  i s  h i g h .  Moreover,  b e c a u s e  o f  t h e  r e l a -  
t i v e  r a r i t y  o f  s p e c i a l i s t s  and  s u r g e o n s ,  a  h i g h  p e r c e n t a g e  ( 2 4 )  
o f  t h e  p o p u l a t i o n  i s  h o s p i t a l i z e d  o u t s i d e  t h e  r e g i o n  t h u s  c r e a t -  
i n g  a  r e l a t i v e l y  h i g h  l e v e l  o f  a v a i l a b l e  b e d s ,  which r e s u l t s  i n  
a v e r y  h i g h  l e v e l  o f  h o s p i t a l i z a t i o n .  (Because  o f  l o n g  t r a v e l  
d i s t a n c e  i n  t h i s  d i s t r i c t ,  h o s p i t a l i z a t i o n  i s  a  c o n v e n i e n t  way 
f o r  d o c t o r s  t o  keep p a t i e n t s  on hand f o r  c l o s e r  s u p e r v i s i o n . )  
AN EQUILIBRIUM MODEL 
W e  b e l i e v e  t h a t  any p e r s o n  who h a s  s t u d i e d  t h e  d a t a  o f  a  
h e a l t h  s y s t e m  c l o s e l y  h a s  come t o  t h e  c o n c l u s i o n  t h a t  t h e  con- 
sumption o f  h e a l t h  r e s o u r c e s  is t h e  r e s u l t  o f  a n  e q u i l i b r i u m  
between r e s o u r c e s  a v a i l a b l e  and t h e  u n l i m i t e d  d e s i r e  o f  t h e  popu- 
l a t i o n  t o  consume them. Such a  model i s  a l r e a d y  used by t h e  
B r i t i s h  H e a l t h  Depar tment  [McDonald, e t  a l . ,  19741. 
The b a s i c  h y p o t h e s i s  o f  t h e i r  model i s  t h a t  i f  a v a i l a b l e  
r e s o u r c e s  i n c r e a s e  t h e  r e s u l t  w i l l  b e  b o t h  an i n c r e a s e  i n  t h e  
number o f  consumers and an i n c r e a s e  i n  consumption by consumers .  
T h i s  f a c t  was a l s o  v e r i f i e d  by a  s t u d y  i n  t h e  Medics p r o j e c t  
where it was conc luded  t h a t  a b o u t  5 0 %  of  t h e  i n c r e a s e  i n  consump- 
t i o n  was d u e  t o  t h e  i n c r e a s e  o f  s e r v i c e s  p e r  d i s e a s e  c a s e * .  W e  
a l s o  t e s t e d  r e c e n t l y  one t y p e  o f  e q u i l i b r i u m  model f o r  h e a l t h  
s e r v i c e s .  W e  have  t r i e d  w i t h  s u c c e s s  t o  s i m u l a t e  t h e  m e d i c a l  
p r a c t i c e  w i t h  a  q u a d r a t i c  programming model. W e  w i l l  now b r i e f l y  
d e s c r i b e  t h i s  model. 
A QUADRATIC PROGMIMING MODEL FOR THE SIMULATION OF THE MEDICAL 
PPACTICE 
The p rob lem i s  e s s e n t i a l l y  t o  a l l o c a t e  a  c e r t a i n  known quan- 
t i t y  ( A i )  o f  m e d i c a l  s e r v i c e s  by  c a t e g o r y  t o  d i f f e r e n t  c a t e g o r i e s  
o f  p h y s i c i a n s  ( s p e c i a l i s t s )  e a c h  w i t h  a  g i v e n  c a p a c i t y  ( M s )  o f  
work. Both t h e  e v a l u a t i o n  o f  t h e  q u a n t i t y  o f  s e r v i c e s  t o  a l l o -  
c a t e  and t h e  c a p a c i t y  o f  work o f  t h e  p h y s i c i a n  a r e  done i n  d o l l a r s  
( t h e  d o l l a r  e v a l u a t i o n  o f  a  m e d i c a l  s e r v i c e  h a s  been  set  up by  
t h e  RAElQ r e l a t e d  t o  t h e  t i m e  r e q u i r e d  t o  p e r f o r m  t h e  s e r v i c e ) .  
A l s o ,  we have  n o t e d  from T a b l e  1  t h a t  p h y s i c i a n s  on a v e r a g e  re- 
c e i v e  t h e  same amount o f  money from t h e  s y s t e m  wherever  t h e y  
p r a c t i c e .  M a t h e m a t i c a l l y ,  t h e  p rob lem i s  a s  f o l l o w s :  
*A c a s e  i n  o u r  v o c a b u l a r y  i s  one  p e r s o n  w i t h  a t  l e a s t  one  e p i s o d e  
o f  a  g i v e n  d i s e a s e  d u r i n g  a  g i v e n  y e a r .  
Some Data for the Quebec Health System by Administrative District 
No. of Mean Relative % of Beds Hospitaliza- % of Hospitaliza- 
full-time income rate of special- per tion rate hospitali- tion rate 
physicians of medical ized 1000 per 1000 zation with surgery 
per physi- care care inhabi- inhabitants outside of per 1000 
100,000 cians consump- (2) tants district inhabitants 
inhabitants ( $  ) tion (1) (3) 
Region 
1. Bas St. Laurent 79.3 57,020 0.76 37 5.26 178.4 18 
~as~6sie 
2. Saquenay 90.7 62,537 0.92 4 9 5.75 160.7 6 
Lac St. Jean 
5. Canton de 1'Est 167.4 53,578 1.01 5 0 7.14 179.5 5 
7. Outaouais 82.2 58,357 0.86 4 3 3.91 115 .O 3 7 
8. Nord-Ouest 52.9 58,027 0.67 3 5 5.71 181.3 2 5 
9. ~ 6 t e  Nord and 
55.7 56.088 0.74 3 0 6.07 236.3 24 
10. Nouveau ~ugbec 
Note 1: Ratio between observed consumption in region and ~u6bec mean consumption. 
Note 2: Care given by a speciality other than a general practitioner or general surgery. 
Note 3: Beds for acute care. 
Min f  ( X )  
1 i f  s p e c i a l i t y  s can perform medical  s e r v i c e  i t  
where &is = 1 
0 otherwise .  
We a l s o  suppose 1 Ai = 1 Ms . 
i s 
The a r e  i n t roduced  t o  t ake  i n t o  account  t h e  f a c t  t h a t  a  
g iven  medical  s e r v i c e  can be performed by some c a t e g o r i e s  of  spe- 
c i a l i s t s  b u t  n o t  by o t h e r s ;  t h i s  i s  determined from t h e  observed 
d a t a  of  t h e  medical  p r a c t i c e .  To have a  w e l l  de f ined  problem it 
remains t o  d e f i n e  t h e  o b j e c t i v e  func t ion .  I n  p r o j e c t  Pledics, a  
l i n e a r  func t ion  was used and t h e  r e s u l t s  were very  f a r  from 
r e a l i t y .  There is i n  f a c t  a  g r e a t  f l e x i b i l i t y  and a  g r e a t  number 
of f e a s i b l e  s o l u t i o n s  t o  t h i s  problem. Two hypotheses had t o  be 
made t o  d e f i n e  t h e  o b j e c t i v e  func t ion :  
Assumption 1 .  There e x i s t s  an i d e a l  scheme of  p r a c t i c e  t h a t  
would be a t t a i n e d  i f  enough r e s o u r c e s  were 
a v a i l a b l e .  
Assumption 2 .  The observed p r a c t i c e  i s  a s  c l o s e  a s  p o s s i b l e  
t o  t h e  i d e a l  scheme, g iven  t h e  r e sou rce  con- 
s t r a i n t s .  
From t h e s e  hypotheses we g e t  an o b j e c t i v e  f u n c t i o n  of t h e  fo l lowing  
form: 
where ? i s  a  c o n s t a n t  cor responding  t o  t h e  i d e a l  scheme of i s  
p r a c t i c e  f o r  procedure  i and s p e c i a l i t y  s i n  a  given d i s t r i c t .  
We do n o t  want t o  g i v e  t h e  same weight  kis t o  a l l  a l l o c a t i o n s  
Xis; i n  f a c t ,  one can observe  from t h e  d a t a  t h a t  some medical  
s e r v i c e s  a r e  always performed i n  about  t h e  same p ropor t i on  by t h e  
same s p e c i a l i s t s  whi le  t h e r e  i s  much more v a r i a t i o n  f o r  o t h e r  
medical  s e r v i c e s .  We t h u s  c a l c u l a t e d  from t h e  d a t a  of our  n i n e  
d i s t r i c t s  medical  p r a c t i c e  means m ( a  mean f r a c t i o n  of  s e r v i c e  i s  
i performed by r e s o u r c e  s )  and s t a n d a r d  d e v i a t i o n s  W e  t h e n  
used  a s  o b j e c t i v e  f u n c t i o n :  
where Xis and zis a r e  o b t a i n e d  f rom mist  uis, and t h e  volume o f  




(Xis  - misAir Uis = u .  A . )  . 1s 1 
I n  f a c t ,  t h i s  s e p a r a b l e  o b j e c t i v e  f u n c t i o n  w i l l  look  l i k e  
t h a t  i n  F i g u r e  3a when a .  i s  s m a l l  and i n  F i g u r e  3b when u  i s  1s i s  
l a r g e ,  l e a v i n g  t h e  a l l o c a t i o n  more f l e x i b i l i t y  t o  g e t  away from 
t h e  i d e a l  scheme when s u c h  f l e x i b i l i t y  o f  a l l o c a t i o n  h a s  been ob- 
s e r v e d .  T h i s  problem c o u l d  b e  s o l v e d  v e r y  e a s i l y  w i t h  o u r  a v a i l -  
a b l e  convex f l o w  a l g o r i t h m  [ T i l q u i n ,  1 9 7 4 1 .  The r e s u l t s  a r e  i n  
f a c t  p r e t t y  good. I n  F i g u r e  4 w e  have p l o t t e d  t h e  p o i n t  ( X , Y )  
where X is  t h e  a l l o c a t i o n  g e n e r a t e d  by t h e  model and Y t h e  a l l o -  
c a t i o n  o b s e r v e d  i n  a  g i v e n  r e g i o n .  I n  F i g u r e  5 ,  f o r  t h e  same 
r e g i o n  w e  have  p l o t t e d  i n  t h e  same way t h e  a p p l i c a t i o n  o f  t h e  
mean scheme o f  p r a c t i c e  (Xis)  i n  t h e  r e g i o n  a g a i n s t  t h e  a l l o c a -  
t i o n  o b s e r v e d .  We o b s e r v e d  t h a t  o u r  model pe r fo rmed  b e t t e r  t h a n  
t h e  s i n g l e  a p p l i c a t i o n  o f  t h e  mean p r a c t i c e  i n  a  g i v e n  r e g i o n .  
- 
Xis 
Our model may n o t  pe r form i d e a l l y  b u t  it i s  t h e  b e s t  a v a i l -  
a b l e  f o r  t h i s  problem. T h i s  model i s  i n f l u e n c e d  by two f o r c e s .  
F i r s t  i n  t h e  o b j e c t i v e  f u n c t i o n  we t e n d  t o  a l l o c a t e  t h e  s e r v i c e s  
a s  t h e  i d e a l  ( o r  mean) p r a c t i c e  would s u g g e s t .  Second, t h e  a v a i l -  
a b i l i t y  o f  r e s o u r c e s  t e n d  t o  make t h e  a l l o c a t i o n  more l i k e  t h e  
one observed .  I n  Tab le  2 ,  we see t h a t  t h i s  l a t t e r  i n f l u e n c e  i s  
predominan t ;  i n  a l l  d i s t r i c t s  t h e  model g i v e s  r e s u l t s  t h a t  a r e  
n e a r e r  t o  r e a l i t y  t h a n  t o  t h e  mean p r a c t i c e d  ( X  i s )  ' I n  T a b l e  2  
a l s o  we s e e  t h a t  t h e  model is  c o n s i s t e n t l y  a  b e t t e r  p r e d i c t o r  o f  
r e a l i t y  i n  comparison w i t h  t h e  mean p r a c t i c e .  These r e s u l t s  were 
o b t a i n e d  by Nobert  i n  h i s  t h e s i s  ( 1 9 7 6 )  and r e l a t e d  works.  
EXTENSION OF THE MODEL 
Of c o u r s e  t h e  d a t a  needed f o r  t h i s  k i n d  of  model a r e  n o t  
a v a i l a b l e  i n  e v e r y  c o u n t r y .  The approach  however c o u l d  be used 
i n  a  more g e n e r a l  c o n t e x t .  For  example,  one c o u l d  f o r m u l a t e  t h e  
same model w i t h  c a t e g o r i e s  of h e a l t h  r e s o u r c e s  on one s i d e  and 
c a t e g o r i e s  o f  h e a l t h  consumers on t h e  o t h e r .  Of c o u r s e ,  t h e  
0 3,500 7,000 10.500 14,000 
MODEL (Xi,) DISTRICT 1 
I('ig~rrr. 4. I lor lr , l  vs. O I ~ s ~ ~ r v ; r l i o ~ r  in 1)islric.l I 
l e v e l  o f  r e s o u r c e s  a v a i l a b l e  and demanded must  be  measured i n  t h e  
same u n i t s ,  b u t  s e v e r a l  models  c o u l d  b e  c o n s t r u c t e d  f o r  d i f f e r e n t  
k i n d s  o f  h e a l t h  r e s o u r c e s  ( h o s p i t a l  b e d s ,  medica l  r e s o u r c e s ,  e t c . ) .  
T h i s  approach  i s  o b v i o u s l y  less d e t a i l e d  t h a n  t h e  B r i t i s h  model 
[McDonald, e t  a l . ,  1 9 7 4 1 .  There  i s ,  f o r  example ,  no i n d i c a t i o n  
of t h e  number o f  p a t i e n t s  t r e a t e d  and no c h o i c e  between a l t e r n a -  
t i v e  t r e a t m e n t s .  To a c h i e v e  t h i s ,  i f  needed,  one c o u l d  s o l v e  a  
s e r i e s  o f  s m a l l  l i n e a r  programs w i t h  t h e  g i v e n  a l l o c a t i o n  o f  r e -  
s o u r c e s  p e r  c a t e g o r y .  
The o t h e r  d i f f e r e n c e  i s  t h a t ,  i n  t h i s  t y p e  o f  model,  no guar -  
a n t e e  i s  made f o r  t h e  complementa r i ty  o f  r e s o u r c e s .  The model 
does  n o t  g u a r a n t e e  t h a t  i f  b o t h  r e s o u r c e s  a  and b  a r e  needed 
t o g e t h e r  i n  a  g i v e n  p r o p o r t i o n  t o  a c h i e v e  t h e  t r e a t m e n t  o f  a  
p a t i e n t  t h a t  t h e s e  r e s o u r c e s  w i l l  be  a l l o c a t e d  i n  t h e  e x a c t  pro- 
p o r t i o n  t o  t h e  p a t i e n t .  E x p e r i m e n t a t i o n  w i t h  t h i s  model c o u l d  
r e v e a l  i f  t h i s  i s  a  r e a l  shor tcoming  a t  t h e  g e n e r a l  l e v e l  o f  
p l a n n i n g .  However, we w i l l  soon  s t u d y  t h e  i m p l i c a t i o n s  on t h e  
s o l u t i o n  method used o f  i n t e g r a t i n g  t h e s e  a d d i t i o n a l  c o n s t r a i n t s  
i n t o  t h e  model. 
OBSERVATION DISTRICT 1 
F i g u r e  5. MI-ar~  vs. O l ~ s t ~ r v a l i o r ~  i n  I ) is t r ic t  1 .  
The r e s u l t s  o f  t h e  model a l l o c a t i o n  compared w i t h  t h e  obse rved  
a l l o c a t i o n  and t h e  mean p r a c t i c e  
D i s t r i c t  
1. Bas S t .  Lau ren t  
~ a s p 6 s i e  
2 .  Saquenay 
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W e  a r e  a l s o  p l ann ing  t o  t es t  i f  w i t h  t h i s  k i n d  o f  approach 
w e  could  s i m u l a t e  n o t  o n l y  t h e  medica l  p r a c t i c e  b u t  a l s o  t h e  
l e v e l  o f  consumption of  medica l  p rocedu re s  i n  a  g iven  d i s t r i c t .  
T h i s  k i n d  of  model c o u l d  be ve ry  h e l p f u l  f o r  p l ann ing  t h e  e f f e c t s  
of adding  medica l  r e s o u r c e s  t o  a  g iven  d i s t r i c t  and h e l p i n g  p l a n  
a  b e t t e r  r e g i o n a l  d i s t r i b u t i o n  of  s p e c i a l i s t s .  T h i s  model i s  
g e n e r a l l y  d e s c r i b e d  i n  F i g u r e  6 and cou ld  ma thema t i ca l l y  be  
exp re s sed  a s  : 
Min s, Ii (Xsio- s i 'siI2 + i ('i iiiiI2 , 
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Figure 6. An equilibrium model for the medical services and thc rllra~cal practice. 
CONCLUSION 
W e  t h i n k  t h e r e  i s  a  whole a r e a  of r e s e a r c h  t o  e x p l o r e  i n  
HCS modeling, t h a t  o f  e q u i l i b r i u m  o r  en t r opy  modeling. ;.Je a r e  
i n  a  f i e l d  where t h e  c o n t r o l  v a r i a b l e s  f o r  t h e  p l ann ing  agency 
a r e  ve ry  l i m i t e d  and t h e  models developed must be of  t h e  t y p e  
" u s e r  o p t i m i z a t i o n "  r a t h e r  t han  "system o p t i m i z a t i o n "  i n  t h e  
s e n s e  t h a t  t h e  models should  p r e d i c t  how t h e  d i f f e r e n t  peop l e  
( p h y s i c i a n ,  p a t i e n t  ...) i n  t h e  sys tem would r e a c t  g iven  c e r t a i n  
c o n s t r a i n t s  r a t h e r  t han  t r y  t o  model how they  should  r e a c t  f o r  
t h e  wel l -be ing  o f  t h e  whole system. I t h i n k  t h a t i s  f i e l d  o f  
r e s e a r c h  i s  ve ry  promis ing  f o r  HCS modeling. 
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DISCUSSION 
D r .  Komarov asked whether t h e  r e s u l t s  of t h e  models had been 
d i scus sed  wi th  decisionmakers .  D r .  Rousseau s a i d  t h a t  dec i s ion -  
makers had been c l o s e l y  involved i n  t h e  Medics p r o j e c t .  Although 
t h e  f i r s t  model i s  n o t  of g r e a t  use t o  them t h e  second one prob- 
ab ly  w i l l  be ,  i f  it works s u c c e s s f u l l y ,  because it demonst ra tes  
some of t h e  consequences of d i f f e r e n t  i n i t i a l  a l l o c a t i o n s  of doc- 
t o r s ,  which would a s s i s t  decis ionmakers  p l an  t h e  r e g i o n a l  a l l o c a -  
t i o n s .  
P ro fe s so r  Wasserman desc r ibed  a somewhat s i m i l a r  e x e r c i s e  
i n  t h e  USA--the p ro fe s s ion  a c t i v i t i e s  s tudy  (PAS). This  i nvo lves  
d e f i n i n g  s t anda rds  f o r  comparing h o s p i t a l  performance, e . g .  i n  
terms of t h e  l eng th  of  s t a y  f o r  appendectomy. D r .  Rousseau men- 
t i o n e d  some of t h e  problems he had encountered wi th  t h i s  t ype  of 
e x e r c i s e .  For  example a  h o s p i t a l  t h a t  was below a s t anda rd  on 
l eng th  of  s t a y  might i n  r e a l i t y  be a s  "bad" a s  a  h o s p i t a l  above 
t h e  s t anda rd  s i n c e  it might be below t h e  s t anda rd  because of t h e  
l ack  of a p p r o p r i a t e  equipment. Another problem a r i s e s  wi th  a  
p a t i e n t  who i s  t r a n s f e r r e d  from one h o s p i t a l  t o  ano the r - - t h i s  
could appear  a s ,  s ay ,  a  two day s t a y  i n  a  sma l l  h o s p i t a l  f o r  
coronary p a t i e n t  and it would be imposs ib le  t o  l i n k  t h i s  s t a t i s -  
t i c  w i th  t h e  subsequent  t h r e e  month s t a y  i n  a  s p e c i a l i s t  h o s p i t a l .  
D r .  Kuznetsov asked whether  t h e  v a r i a b l e s  used i n  t h e  model 
were normally d i s t r i b u t e d ;  D r .  Rousseau r e p l i e d  t h a t  t h i s  a s p e c t  
had n o t  y e t  been s tud i ed .  

Community S c r e e n i n g  Systems f o r  P r o v i d i n g  Data 
f o r  a  H e a l t h  Care  Model 
K .  Fuchs-Kit towski ,  H. Friedmann, and P. Gutermuth 
GENERAL CO1,DENTS ON GDR COOPERATION 
The model ing of  a  h e a l t h  s e r v i c e  sys tem,  a s  e n v i s a g e d  i n  
t h e  IIASA r e s e a r c h  p l a n  "Modeling H e a l t h  Care  Systems",  i s  of  
g r e a t  i n t e r n a t i o n a l  i n t e r e s t .  The p r o j e c t  shou ld  be s u g p o r t e d  
by a s  many c o u n t r i e s  a s  p o s s i b l e ,  a s  a s s e s s i n g  t h e  s t a t e  of  h e a l t h  
of  t h e  p o p u l a t i o n  and t h e  a l l o c a t i o n  o f  r e s o u r c e s  t o  h e a l t h  i s  
a  problem e q u a l l y  i m p o r t a n t  f o r  a l l  c o u n t r i e s ,  i r r e s p e c t i v e  of  
t h e  n a t u r e  of  t h e i r  h e a l t h  sys tem.  
The r e s u l t s  o b t a i n e d  by Venedic tov ,  Klement iev,  Atsumi, 
Ka ihara ,  Fu j imasa ,  F l e i s s n e r ,  K i s e l e v ,  and o t h e r s  have been of  
g r e a t  s c i e n t i f i c  i n t e r e s t  and s h o u l d  be g e n e r a l l y  used.  I n  p a r -  
t i c u l a r ,  t h e  l a t e s t  p u b l i c a t i o n  by Atsumi, K a i h a r a ,  and o t h e r s ,  
on J a p a n e s e  e x p e r i e n c e ,  r e p r e s e n t s  d e c i s i v e  p r o g r e s s .  So f a r ,  
t h e  budge t  a l l o c a t e d  t o  h e a l t h  c a r e  model ing d o e s  n o t  cor respond  
t o  i t s  i n t e r n a t i o n a l  impor tance .  At t h e  c o n f e r e n c e  i n  November, 
a c t i v i t i e s  must be  c l e a r l y  c h a r t e d  f o r  t h e  n e x t  few y e a r s  t o  p rove  
t h e  need f o r  a t  l e a s t  d o u b l i n g  t h e  b u d g e t ,  and i n c r e a s i n g  t h e  
number o f  p e r s o n n e l  i n v o l v e d  i n  model ing work. Larger  i n t e r n a -  
t i o n a l  g roups ,  from A u s t r i a ,  t h e  UK, t h e  US, Japan ,  and B u l g a r i a ,  
s h o u l d  b e  i n v o l v e d ;  t h e  GDR can make a  c o n t r i b u t i o n ,  t o o .  
I n  p r i n c i p l e ,  it should  b e  p o s s i b l e  t o  d e f i n e  t h e  b a s i c  
s t r u c t u r e s  and f u n c t i o n s  of  h e a l t h  s e r v i c e  sys tems ,  and t o  e s t a b -  
l i s h  a  model t h a t  a t  l e a s t  p r o v i d e s  a  u n i v e r s a l  image by r e f e r -  
r i n g  s p e c i f i c a l l y  t o  the b i o l o g i c a l  and u n i v e r s a l  p r o c e s s e s ,  such 
a s  m o r b i d i t y ,  b i r t h ,  d e a t h  and r e c o v e r y  from d i s e a s e s .  Every 
h e a l t h  sys tem i s  s t r o n g l y  i n f l u e n c e d  by e x i s t i n g  s o c i a l  c o n d i t i o n s  
and n a t i o n a l  p e c u l i a r i t i e s .  However, s i n c e  t h e  b a s i c  human need 
f o r  h e a l t h  i s  u n i v e r s a l ,  t h e r e  a r e  f a r - r e a c h i n g  common a s p e c t s .  
Thus "model ing h e a l t h  c a r e  sys tems"  d o e s  n o t  t a c k l e  any nar rowly  
l i m i t e d  t a s k ,  b u t  a  g e n u i n e l y  u n i v e r s a l  problem. 
T h i s  i m p l i e s  a  g r e a t  v a r i e t y  o f  methods of  sys tems  a n a l y s i s  
and m u l t i p l e  c o r r e l a t i o n s  w i t h  o t h e r  r e s e a r c h  p r o j e c t s  o f  IIASA. 
The e s t a b l i s h m e n t  o f  such  a  model o f  p l a n n i n g  h e a l t h  c a r e  makes 
it p o s s i b l e  a t  t h e  n a t i o n a l  l e v e l  t o  c a t e g o r i z e  a  number o f  on- 
g o i n g  a c t i v i t i e s  s e n s i b l y ,  e . g .  i n  t h e  development  of  s c r e e n i n g  
sys tems  and medica l  i n f o r m a t i o n  sys tems ,  and t o  r e a c h  a h i g h e r  
e f f e c t i v e n e s s .  T e s t i n g  and a d a p t a t i o n  o f  models w i l l  r e s u l t  i n  
a  b road  methodolog ica l  d i s c u s s i o n  i n  t h e  f i e l d  o f  a p p l i e d  sys tems  
a n a l y s i s ,  and a  deepened s u b s t a n t i v e  d i s c u s s i o n  i n  t h e  v a r i o u s  
r e l a t e d  d i s c i p l i n e s .  
For t h i s  r e a s o n ,  o u t s t a n d i n g  s c i e n t i s t s  and above a l l  
s c i e n t i s t s  who h o l d  key p o s i t i o n s ,  e s p e c i a l l y  a t  i;,7HO1 s h o u l d  be 
i n v i t e d  t o  t h e  c o n f e r e n c e  t o  be h e l d  i n  iqovember. A t  t h e  con- 
f e r e n c e  t h e  c o n t r i b u t i o n s  t h a t  w i l l  be made by t h e  N a t i o n a l  Member 
O r g a n i z a t i o n s  (N!30s) s h o u l d  be d i s c u s s e d  and s o  key s c i e n t i s t s  
from t h e  NMOS s h o u l d  p a r t i c i p a t e .  
I n  t h e  e v e n t  o f  p a r t i c i p a t i o n  by t h e  GDR t h e  f o l l o w i n g  con- 
s i d e r a t i o n s  a r e  p r e s e n t e d :  
- E s t a b l i s h m e n t  and a n a l y s i s  o f  t e r r i t o r i a l l y  o r g a n i z e d  
subsys tems  o f  medica l  d i a g n o s t i c s  f o r  s u p p o r t i n g  t h e  
dec i s ionmaking  p r o c e s s  by t h e  s t a t e :  a n a l y s i s  of  
t e r r i t o r i a l l y  o r g a n i z e d  s y s t e m s  o f  l a b o r a t o r y  d i a g -  
n o s t i c s  f o r  r e g i s t e r i n g  and e v a l u a t i n g  e x p e n d i t u r e s  
and s e r v i c e s ;  d e s c r i p t i o n ,  e v a l u a t i o n ,  and d e v e l -  
opment o f  s c r e e n i n g  sys tems  ( p r e v e n t i v e  e x a m i n a t i o n s )  
a s  subsys tems  f o r  t h e  h e a l t h  c a r e  o f  t h e  p o p u l a t i o n .  
- E s t a b l i s h m e n t  o f  medica l  i n f o r m a t i o n  sys tems  ( d a t a  
banks)  f o r  l a t e r  u t i l i z a t i o n  a s  i n p u t  i n f o r m a t i o n  
f o r  t h e  model i n t e n d e d  t o  improve t h e  h e a l t h  c a r e :  
a  s t u d y  o f  t h e  u s e  o f  d a t a  banks i n  medic ine ;  p r e p -  
a r a t i o n  o f  c r i t e r i a  f o r  t h e  deployment  o f  d a t a  banks 
i n  medicine;  p r e p a r a t i o n  o f  an o r g a n i z a t i o n a l  and 
t e c h n i c a l  program f o r  t h e  development  o f  i n s t i t u t i o n -  
and m o r b i d i t y - r e l a t e d  d a t a  banks by u s i n g  a v a i l a b l e  
d a t a  r e g i s t e r s ;  compara t ive  a n a l y s i s  o f  computer- 
a s s i s t e d  m e d i c a l  i n f o r m a t i o n  s y s t e m s .  
- P r e p a r a t i o n  o f  long- te rm p l a n s  f o r  t h e  development  
o f  m e d i c a l  s c i e n c e  and p u b l i c  h e a l t h  by compara t ive  
a n a l y s e s  of  d i f f e r e n t  sys tems  of  h e a l t h  c a r e  and 
m e d i c a l  s c i e n c e .  
F i g u r e  1 shows t h e  g r a d u a l  t r a n s i t i o n  between h e a l t h  and d i s -  
e a s e .  The q u a l i t y  change t a k e s  p l a c e  th rough  o v e r l a p p i n g  s t a g e s .  
S c r e e n i n g s  s e r v e  t o  i d e n t i f y  a b n o r m a l i t i e s  a t  e a r l y  s t a g e s  o f  a  
d i e s e a s e ,  and s h o u l d  make it p o s s i b l e  t o  i n t r o d u c e  p r e v e n t i v e  o r  
t h e r a p e u t i c  measures  b e f o r e  a c t u a l  m a n i f e s t a t i o n  o f  t h e  d i s e a s e .  
I n  t h i s  way, i r r e v e r s i b l e  damage o r  e a r l y  s i c k n e s s  migh t  be p r e -  
v e n t e d .  
F i g u r e  2 shows t h e  c l o s e  a s s o c i a t i o n  between s c r e e n i n g  pro-  
c e d u r e s  and t h e  development  o f  a  g e n e r a l  model f o r  p l a n n i n g  medi- 
c a l  c a r e .  The a n a l y s i s  o f  t h e  i n t e r r e l a t i o n  between s c r e e n i n g  
and m e d i c a l  and " d i s p e n s a r y "  t r e a t m e n t  h e l p s  one t o  d e c i d e  upon 
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Figure 1 .  'The transition between health and disease. 
THE HEALTH SERVICE 
I 
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SCREENING MEDICAL CARE 
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MOVEMENT 
Figurc: 2 .  Tht: association bctwc:erl screc:ning and modeling medical care. 
I n  F igu re  3 ,  sc reen ing  i s  shown t o  be only  one a s p e c t  o f  
t h e  t o t a l  complex "p reven t ion . "  Symptom-carriers (unaware s i c k  
persons ,  who cons ide r  themselves h e a l t h y ,  a l t hough  they  a c t u a l l y  
have some i l l n e s s )  w i l l  be d e t e c t e d  by sc reen ing  wi th  t h e  a i d  of  
de f ined  parameters  o r  combinations of parameters .  These c a r r i e r s  
would then  be diagnosed,  t r e a t e d ,  and poss ib ly  fol lowed by " d i s -  
pensary" t r ea tmen t .  The e f f e c t i v e n e s s  of mu l t i phas i c  s c r een ing  





Figure 3. Universal health care model. 
The fo l lowing  q u e s t i o n s  need t o  be answered. 
- What is  t h e  r e l a t i o n  between t h e  known morbid i ty  
r a t e  of an i n d i v i d u a l  d i s e a s e  t o  t h e  preva lence  
r a t e  of t h e  e a r l y  s t a g e s  of t h e  d i s e a s e  i n  t h e  
popu la t i on?  
- Does t h e  r e l a t i o n  t h a t  e x i s t s  between t h e  e a r l y  
s t a g e  of a  d i s e a s e  and i t s  morbid i ty  r a t e  j u s t i f y  
t h e  i n t r o d u c t i o n  of  s c r een ing?  
- How f a r  can t h e  g e n e r a l  h e a l t h  s t a t u s  of t h e  popu- 
l a t i o n  be improved by sc reen ing?  
- What p r e r e q u i s i t e s  must be met i n  o r d e r  t o  make 
d i f f e r e n t i a l  d i a g n o s i s  based on t h e  f i n d i n g s  from 
mass h e a l t h  examinat ions ( f a c i l i t i e s  and personnel  
f o r  making d iagnoses  and t r ea tmen t ,  a v a i l a b i l i t y  
of h o s p i t a l  beds,  e t c .  ) ? 
- What i s  t h e  r e l a t i o n  of c o s t  t o  b e n e f i t  of mass 
examinat ions? 
- Which c r i t e r i a  a r e  a p p r o p r i a t e  t o  d e f i n e  t h e  h e a l t h  
s t a t u s  of  t h e  popu la t i on?  Which combinat ions of 
c h a r a c t e r i s t i c s  and parameters  a r e  needed t o  reduce 
m i s c l a s s i f i c a t i o n ?  
F igure  4 shows t h a t  t h e  s p e c i f i c  problems of e a r l y  recogni-  
t i o n  of d i s e a s e  a r e  i n  g e n e r a l  agreement w i th  t h e  " u n i v e r s a l  
h e a l t h  c a r e  model." Our work has  a  s p e c i a l  r e l a t i o n  t o  submodel 
3 ( t h e  demand/supply model) which i s  i n t e r r e l a t e d  w i th  submodel 
2 (morbid i ty  model) and submodel 4 ( r e sou rce  model) .  
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Figure 4. The early rctcognition of disease. 
The g e n e r a l  p l an  of t h e  I l i n i s t r y  of Heal th  of t h e  GDR i n -  
c l u d e s  s c r een ing  a s  an i n t e g r a l  p a r t  of community h e a l t h  c a r e .  
Much expe r i ence  has been accumulated i n  t h e  o r g a n i z a t i o n  of mass 
s c r een ing  programs, e .g .  c h e s t  x-rays, t h e  s ea rch  f o r  unrecog- 
n i zed  e a r l y  s t a g e s  of d i a b e t e s  m e l l i t u s ,  t h e  t e s t i n g  of a l l  new- 
borns f o r  c e r t a i n  inborn  e r r o r s  of metabolism (PKU, g a l a c t o s e m i a ) ,  
e t c .  I n  f a c t ,  our  d a t a  on sc reen ing  f o r  d i a b e t e s  m e l l i t u s  and of 
newborns c o u l d  b e  used f o r  t e s t i n g  t h e  " u n i v e r s a l  h e a l t h  c a r e  
model" i n  t h e  GDR. Data a r e  a l s o  a v a i l a b l e  from a  m u l t i p h a s i c  
s c r e e n i n g  s t u d y  i n  which more t h a n  30 b i o c h e m i c a l  and c l i n i c a l  
e x a m i n a t i o n s  were made i n  1970 and r e p e a t e d  i n  1973 and 1976 on 
a  r e p r e s e n t a t i v e  sample o f  t h e  p o p u l a t i o n .  I n  t h e s e  examina- 
t i o n s ,  p r e v a l e n c e  r a t e s  were de te rmined  f o r  d e g e n e r a t i v e  i l l n e s s e s  
such  a s  CHD, anemia, l i v e r  d i s e a s e ,  e t c .  W e  would l i k e  t o  tes t  
t h e  submodels o f  t h e  " u n i v e r s a l  h e a l t h  c a r e  model" w i t h  o u r  d a t a  
a f t e r  a d a p t i n g  them t o  o u r  r e q u i r e m e n t s .  
THE DATA BASE OF THE HEALTH CARE FIODEL 
T e s t i n g  and a d a p t a t i o n  o f  a  model o f  h e a l t h  c a r e  i n  t h e  GDR 
r e q u i r e s  t h e  e s t a b l i s h m e n t  o f  an a d e q u a t e  i n f o r m a t i o n a l  b a s i s .  
I t  is  n e c e s s a r y  t o  q u a l i f y  t h e  models s t e p  by s t e p .  The p r o v i -  
s i o n  o f  r e l e v a n t  h e a l t h  d a t a  r e q u i r e d  f o r  t h e  t e s t i n g ,  a d a p t a t i o n ,  
and a p p l i c a t i o n  o f  models w i l l  m e e t  w i t h  g r e a t  d i f f i c u l t i e s .  The 
problem o f  d e t e r m i n i n g  t h e  m o r b i d i t y  s t r u c t u r e  c a n n o t  be s o l v e d  
e i t h e r  i n  t h e  s h o r t  t e r m  f o r  m a t e r i a l ,  t e c h n i c a l ,  and p e r s o n n e l  
r e a s o n s .  I n  a d d i t i o n  t o  t h i s ,  d a t a  on t h e  i n c i d e n c e  o f  t h e  var -  
i o u s  d i s e a s e s  a r e  r e q u i r e d  i n  c a s e  a  more d e t a i l e d  model ing o f  
t h e  h e a l t h  s e r v i c e  is  l a t e r  r e q u i r e d - - i n c l u d i n g  t h e  d i s t r i b u t i o n  
of t h e  s t a g e s  o f  t h e  d i s e a s e .  Data  r e g i s t e r s  have  s o  f a r  been 
a v a i l a b l e  i n  t h e  GDR i n  s e v e r a l  u n c o o r d i n a t e d  f i e l d s ,  b o t h  w i t h  
r e g a r d  t o  c o n t e n t  and s t r u c t u r e .  T h i s  d o e s  n o t  s a t i s f y  t h e  re- 
q u i r e m e n t s  o f  automated i n f o r m a t i o n  p r o c e s s i n g  o r  mathemat ica l  
model ing.  I t  is  e s s e n t i a l  t o  u s  t h a t  t h e  preparations f o r  de- 
c i s i o n m a k i n g  b e  based  on s u i t a b l e  m a t h e m a t i c a l  models and t h e r e  
a r e  c e r t a i n  p r e c o n d i t i o n s :  t h e  u s e  o f  models must n o t  r e s u l t  i n  
a d d i t i o n a l  unnecessa ry  medica l  e x a m i n a t i o n s  o r  d a t a  c o l l e c t i o n s .  
So t h e i z  use  i n  t h e  GDR w i l l  be p o s s i b l e  o n l y  i n  c l o s e  c o n n e c t i o n  
w i t h  t h e  a c t u a l  medica l  c a r e - - w i t h i n  t h e  framework of t e r r i t o r i a l l y  
a r r a n g e d  h e a l t h  s e r v i c e s  and c o m p u t e r - a s s i s t e d  i n f o r m a t i o n  sys tems  
a l r e a d y  e s t a b l i s h e d  (see F i g u r e  5 ) .  
The e x t e n s i o n  o f  medica l  s e r v i c e  and s c r e e n i n g  sys tems  a s  
p a r t  o f  t h e  o v e r a l l  h e a l t h  c a r e  sys tem and t h e  f u r t h e r  deve lop-  
ment o f  automated m e d i c a l  i n f o r m a t i o n  p r o c e s s i n g  sys tems  have 
t h e  p r imary  aim of  i n c r e a s i n g  t h e  q u a l i t y  o f  m e d i c a l  c a r e ,  
r a t i o n a l i z i n g  t h e  a c t i v i t i e s  o f  d o c t o r s ,  and improving t h e  
management and p l a n n i n g  of  p u b l i c  h e a l t h .  However, i n  t h e  c o u r s e  
o f  e s t a b l i s h i n g  a  d a t a  b a s e  and d e v e l o p i n g  t e r r i t o r i a l  medica l  
d a t a  banks,  it w i l l  b e  p o s s i b l e  t o  u s e  models.  I n  f a c t ,  t h e  ex- 
p e r i e n c e  g a i n e d  w i t h  r o u t i n e  e l e c t r o n i c  d a t a - p r o c e s s i n g  p r o j e c t s  
i n  t h e  GDR h e a l t h  s e r v i c e  f a v o r s  e s t a b l i s h m e n t  o f  a  c l o s e  l i n k  
between t h e  u s e  o f  models and t h e  m e d i c a l  s e r v i c e  sys tem and 
r e l a t e d  m e d i c a l  d a t a  banks.  The main r e a s o n s  a r e :  
- Minimizing t h e  expense  ( d o c t o r s ,  medium-echelon 
m e d i c a l  p e r s o n n e l ,  d a t a  p r o c e s s i n g  o p e r a t i v e s ,  
e t c . )  o f  d a t a  c o l l e c t i o n  and o f  s t o r i n g  and pro-  
c e s s i n g  is  p o s s i b l e  o n l y  w i t h i n  an  i n t e g r a t e d  
framework. 
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Figure 5. Health service organizatiori iri the G D R .  
- The q u a l i t y  o f  model computa t ions  i s  e s s e n t i a l l y  
dependen t  on i n p u t  d a t a  q u a l i t y ,  and d a t a  t h a t  
a r e  s i m u l t a n e o u s l y  used i n  a c t u a l  m e d i c a l  s e r v i c e s  
and t h e r e b y  checked a r e  t h e r e f o r e  b e t t e r .  S p e c i a l  
i n q u i r i e s  w i t h o u t  s e m a n t i c  c h e c k i n g  r e s u l t  i n  a  
h i g h  e r r o r  q u o t a .  
- The r e a d i n e s s  t o  p a r t i c i p a t e  i n  t h e  i n q u i r i e s  and 
d a t a  c o l l e c t i o n s  r e q u i r e d  by b o t h  t h e  p o p u l a t i o n  
and medica l  p e r s o n n e l  comes from r e c o g n i z i n g  a n  
immediate  b e n e f i t .  
- For  h u m a n i t a r i a n  and economic r e a s o n s ,  t h e  c i t i z e n s  
c a n n o t  be  imposed upon w i t h  u n n e c e s s a r y  p h y s i c a l  
and t e m p o r a l  burdens .  Obvious ly ,  c i t i z e n s  who had 
been d i a g n o s e d  t o  have a  d i s e a s e  w i t h i n  a  s c r e e n -  
i n g  program have t o  r e c e i v e  e f f e c t i v e  and immediate 
t r e a t m e n t  i n  one o f  t h e  h e a l t h  s e r v i c e  s y s t e m s ;  
- For a  number o f  pa r ame te r s ,  e .g .  mor b id i t y  s t r u c -  
t u r e  o f  t h e  p o p u l a t i o n ,  t h e  r e l e v a n t  d a t a  c an  o n l y  
be  o b t a i n e d  from lo ng  e s t a b l i s h e d  computer-adequate 
d a t a  a r c h i v e s ;  
- I t  i s  a d v i s a b l e  t o  check t h e  model w i t h  t h e  use  of 
d a t a  and t h e i r  l o g i c a l  r e l a t i o n s  s t o r e d  i n  banks;  
- Already e x i s t i n g  medica l  d a t a  banks make it pos- 
s i b l e  t o  e n s u r e  a  more o b j e c t i v e  s e l e c t i o n  of  
t es t  pe r sons  f o r  s u b s t a n t i v e  implementa t ion  of  
models. 
The approach i n  t h e  GDR w i l l  be t o  u t i l i z e  and expand ex- 
i s t i n g  medica l  s e r v i c e  sys tems  and t h e i r  r e l a t e d  automated i n -  
f o rma t ion  p r o c e s s i n g  systems and t h u s  t o  t a k e  advantage  of t h e  
p r a c t i c e - o r i e n t e d ,  e f f e c t i v e ,  and low-priced r e s u l t s  from t h e  
use  of  t h e  model. By p roceed ing  s t e p  by s t e p  w i t h  o v e r l a p s  
between i n d i v i d u a l  phases  o r  w i t h  a n a l y s e s  made s imu l t aneous ly ,  
and by u s i n g  e x i s t i n g  DP-projects  and medica l  d a t a  banks,  t h e  
aim w i l l  be  t h e  e s t a b l i s h m e n t  o f  an i n s t i t u t i o n - o r i e n t e d  and 
t e r r i t o r i a l l y  and c e n t r a l l y  o r gan i zed  sys tem of medica l  d a t a  
banks.  Only by t h e  bu i ld ing-up  of  coupled  and h i e r a r c h i c a l l y  
s t r u c t u r e d  d a t a  banks c a n  t h e  enormous q u a n t i t i e s  of  d a t a  o b t a i n e d  
i n  m ed i ca l  c a r e  be used e f f e c t i v e l y  f o r  t h e  medica l  s e r v i c e  o r  f o r  
t h e  managment and p l ann ing  of  p u b l i c  h e a l t h .  
We hope t h a t  o t h e r  NMOS w i l l  d e c l a r e  t h e i r  r e a d i n e s s  t o  
t e s t  t h e  v a r i o u s  models and a d a p t  them t o  t h e i r  c o n d i t i o n s .  A 
broad  methodolog ica l  and s u b s t a n t i v e  d i s c u s s i o n  could  t hen  be 
e xpec t ed  and expe r i ence  o b t a i n e d  g iven  t o  t h e  working group a t  
IIASA. W e  would be  happy t o  p r e p a r e  pape r s  f o r  t h e  for thcoming  
c on fe r ence  on medica l  i n fo rma t ion  sys tems ,  t e r r i t o r i a l  s c r e e n i n g  
sy s t ems ,  and a  d a t a  b a s e  f o r  t e s t i n g  and a d a p t a t i o n  of  a  h e a l t h  
c a r e  model. Our t a s k  w i l l  be: 
- To s p e c i f y  t h e  r e s e a r c h  p l a n - - i t s  aims and d e a d l i n e s ;  
- To s p e c i f y  t h e  f i n a n c i a l  and p e r s o n n e l  requ i rements  
i n  IIASA and t h e  NhlOs i nvo lved ;  
- To s t a t e  t h e  i n d i v i d u a l  t a s k s  of t h e  NKOs i n  a  more 
p r e c i s e  manner. 
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DISCUSSION 
P r o f e s s o r  S h i g a n  s a i d  t h a t  t h e  GDR p a i d  s p e c i a l  a t t e n t i o n  
t o  i m p r o v i n g  r o u t i n e  s t a t i s t i c s .  Such good r o u t i n e  s t a t i s t i c s  
w e r e  needed  b o t h  i n  t h e  GDR a n d  e l s e w h e r e  t o  p r o v i d e  a  s a t i s -  
f a c t o r y  b a s i s  f o r  m o d e l i n g  and ,  i n  p a r t i c u l a r ,  t o  a l l o w  f o r  a  
s y s t e m s  a p p r o a c h  t o  s c r e e n i n g .  A  number o f  p a r t i c i p a n t s  s p o k e  
a b o u t  t h e  d e s i r a b i l i t y  o f  a p p l y i n g  s y s t e m s  a n a l y s i s  t o  s c r e e n i n g  
a n d  t h e  i m p o r t a n t  r o l e  t h a t  t h e  IIASA team c o u l d  p l a y .  D r .  ~ a r o  
s a i d  t h a t  s u c h  an  a p p r o a c h  was a l l  t h e  more needed  b e c a u s e  a l -  
t h o u g h  many e v a l u a t i o n  s t u d i e s  on  s c r e e n i n g  h a d  been  c a r r i e d  o u t  
they  had u s u a l l y  f a i l e d  t o  d e f i n e  t h e  system boundar ies  c l e a r l y ,  
t o  s ay  what had been i nc luded  o r  exc luded ,  and t o  c l a r i f y  whether  
t h e  s t udy  had d e a l t  wi th  a  complete  popu la t i on  o r  s i c k  p a t i e n t s  
on ly .  
I n  response  t o  a  q u e s t i o n  by P r o f e s s o r  Fuchs-Kit towski ,  
D r .  Rousseau desc r ibed  t h e  d a t a  c o l l e c t i o n  p roces s  used i n  Canada 
by t h e  i n su rance  co rpo ra t i on .  I tems  of s e r v i c e  a r e  c o l l a t e d  and 
s t o r e d  on computer f i l e s ,  one p e r  doc to r .  The p a t i e n t ' s  name i s  
recorded  s o  t h a t  t h e  procedures  c a r r i e d  o u t  on i n d i v i d u a l  p a t i e n t s  
can  be checked. I n  t h e  f ledics  p r o j e c t  t h i s  d a t a  i s  being  repro-  
ce s sed  s o  a s  t o  be s t o r e d  on pa t i en t -ba sed  f i l e s .  This  system 
is  being  developed i n  Quebec; a  s i m i l a r  one,  though l a c k i n g  d i ag -  
n o s t i c  i n fo rma t ion ,  i s  being  developed i n  On ta r io .  There is  no 
such i n t e g r a t e d  system i n  Ottawa, a l though two s e p a r a t e  h o s p i t a l  
systems e x i s t .  
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# 
i n  H e a l t h  Care  Systems 
The development  of  mathemat ica l  models f o r  h e a l t h  s e r v i c e s  
i s  of  growing i n t e r e s t  f o r  sys tems  a n a l y s i s  and o p e r a t i o n  r e -  
s e a r c h  s p e c i a l i s t s .  There  a r e  a  l a r g e  v a r i e t y  o f  methods and 
a p p r o a c h e s  now used  i n  SA/OR, b u t  o f  a l l  t h e s e  t e c h n i q u e s ,  o p t i -  
m i z a t i o n  methods and e s p e c i a l l y  l i n e a r  programming (LP) s e e m  t o  
be t h e  most wide ly  r e c o g n i z e d  and e x p l o i t e d  [ I ] .  The i n t e r e s t -  
i n g  a n a l y s i s  o f  methods used i n  a p p l i e d  o p t i m i z a t i o n  [2 ]  shows 
t h a t  l i n e a r  programming a l g o r i t h m s  c l e a r l y  p redomina te  i n  l i t e r a -  
t u r e  and seem t o  s e r v e  a  b r o a d  s p e c t r u m  o f  needs  ( t h u s ,  among 
p a p e r s  examined i n  [ 2 ] ,  more t h a n  602 u s e  LP o r  r e l a t e d  t e c h -  
n i q u e s )  . 
The r e a s o n  f o r  t h i s  i s  t h a t  l i n e a r  programming a l l o w s  u s  t o  
t a k e  i n t o  a c c o u n t  i n  some o p t i m a l  way a  l a r g e  number o f  v a r i a b l e s  
and c o n s t r a i n t s  on them. 
I n  o p t i m i z i n g  h e a l t h  s e r v i c e  a c t i v i t i e s ,  it i s  r e p o r t e d  
t h a t  LP a p p l i c a t i o n s  a i d  s c h e d u l i n g  o f  h o s p i t a l  a d m i s s i o n s ,  
n u r s e  s t a f f  ass ignment ,  menu p l a n n i n g ,  d e s i r a b l e  mix o f  p a t i e n t s  
t o  be t r e a t e d  by h o s p i t a l s ,  l o c a t i o n  of  h o s p i t a l s ,  t o t a l  h o s p i -  
t a l  p r o d u c t i o n  model, e t c .  [ 3 , 4 ]  . 
The b a s i c  r a n g e  o f  t h e s e  a p p l i c a t i o n s  i s  o f  a  one-s tage ,  
s t a t i c  n a t u r e ;  t h a t  i s ,  i n  t h i s  c a s e  t h e  problem of  t h e  b e s t  
a l l o c a t i o n  o f  l i m i t e d  r e s o u r c e s  i s  c o n s i d e r e d  a t  some f i x e d  s t a g e  
i n  t h e  development  o f  a  system.  
However, when t h e  sys tem t o  be o p t i m i z e d  i s  deve loped  and 
t h i s  development  i s  t o  be p lanned ,  a  one-s tage  s o l u t i o n  i s  i n -  
a d e q u a t e  i n  r e l a t i o n  t o  r e a l i t y .  I n  t h i s  c a s e ,  t h e  d e c i s i o n  
s h o u l d  b e  made s e v e r a l  s t e p s  i n  advance  and t h e  problem of  op- 
t i m i z a t i o n  becomes a  dynamic, m u l t i s t a g e  one. For  example,  t h e  
d e c i s i o n  t o  i n c r e a s e  t h e  e n r o l l m e n t  of  s t u d e n t s  t o  some s p e c i a l i t y  
w i l l  c a u s e  an i n c r e a s e  i n  t h e  number o f  t h e s e  s p e c i a l i s t s  o n l y  
a f t e r  some d e f i n i t e  p e r i o d  o f  t i m e ;  t h e  b u i l d i n g  of some l a r g e  
h o s p i t a l  i n  a  r e g i o n  can be implemented o n l y  a f t e r  a  p e r i o d  o f  
t i m e  and t h e  i n c r e a s e  i n  t h e  q u a l i t y  o f  h e a l t h  c a r e  i n  t h i s  
r e g i o n  c a n  b e  n o t i c e a b l e  o n l y  a f t e r  a n o t h e r  p e r i o d  o f  t i m e .  
Thus, t h e  m a j o r i t y  of o p t i m i z a t i o n  problems become nowadays 
m u l t i s t a g e ,  dynamic problems.  Dynamic l i n e a r  programming (DLP) 
may be c o n s i d e r e d  a s  a  new s t a g e  o f  LP development  and i s  aimed 
a t  t h e  e l a b o r a t i o n  o f  methods f o r  o p t i m a l  p l a n n i n g  i n  d i f f e r e n t  
l a r g e - s c a l e  sys tems  [ 5 , 6 ]  . 
I n  some c a s e s ,  t h e  d i r e c t  a p p l i c a t i o n  o f  d e t e r m i n i s t i c  
o p t i m i z a t i o n  t e c h n i q u e s  of  s i n g l e  h e a l t h  c a r e  a c t i v i t i e s  may 
s e e m  t o  b e  e m b a r r a s s i n g  because  o f  t h e  s t o c h a s t i c  n a t u r e  o f  some 
o f  t h e s e  a c t i v i t i e s ,  a s s o c i a t e d  w i t h  t h e  i l l n e s s  o r  r e c o v e r y  p ro-  
cesses. However, t h e  c o n s i d e r a t i o n  of  h e a l t h  c a r e  sys tems  on a  
l a r g e - s c a l e  b a s i s  a l l o w s  u s  t o  o p e r a t e  w i t h  mean v a l u e s  and t h u s  
bypasses  t h e s e  d i f f i c u l t i e s .  
The purpose  o f  t h i s  p a p e r  i s  t o  d i s c u s s  t h e  p o s s i b i l i t i e s  
o f  t h e  DLP approach  t o  p l a n n i n g  problems i n  d i f f e r e n t  h e a l t h  
s e r v i c e  sys tems .  The t y p i c a l  problems h e r e  a r e  connec ted  w i t h  
p l a n n i n g  manpower, p r e v e n t i o n  and c o n t r o l  o f  d i s e a s e s ,  o r  t h e  
long- range  a l l o c a t i o n  o f  r e s o u r c e s  f o r  t o t a l  c a r e .  
Manpower p l a n n i n g  i s  one o f  t h e  most i m p o r t a n t  problems 
i n  h e a l t h  c a r e  sys tems;  manpower problems predomina te  i n  t h e  
h e a l t h  c a r e  i n d u s t r y  and p r e s e n t ,  p e r h a p s ,  t h e  g r e a t e s t  c h a l l e n g e s  
[ 7 1 .  
The a b s o l u t e  o r  r e l a t i v e  i n c r e a s e s  i n  t h e  q u a n t i t y  o f  h e a l t h  
manpower w i l l  n o t  d e t e r m i n e  t h e  q u a l i t y  of  t h e  h e a l t h  c a r e  sys tem 
and s o p h i s t i c a t e d  p l a n n i n g  o f  d i f f e r e n t  c a t e g o r i e s  o f  h e a l t h  c a r e  
s p e c i a l i s t s  i s  needed.  
There  a r e  a  l a r g e  v a r i e t y  o f  manpower p l a n n i n g  problems 
on d i f f e r e n t  l e v e l s .  For  i l l u s t r a t i o n  w e  s h a l l  c o n s i d e r  h e r e  a  
model o f  a  sys tem f o r  t h e  improvement o f  p r o f e s s i o n a l  s k i l l .  
These sys tems  p l a y  an i m p o r t a n t  r o l e  i n  h e a l t h  manpower sys tems  
f o r  t h e  r e a s o n  t h a t  f o r  e a c h  h e a l t h  c a r e  s p e c i a l i s t  it i s  neces -  
s a r y  t o  t a k e  i n t o  a c c o u n t  t h e  permanent p r o g r e s s  i n  t h e  develop-  
ment of  h e a l t h  c a r e  means. 
L e t  a l l  h e a l t h  manpower be broken down i n t o  n  d i f f e r e n t  
g roups  ( g r a d e s )  and l e t  
x  ( t )  = {xi ( t )  1 b e  t h e  number o f  h e a l t h  c a r e  s p e c i a l -  
ists o f  group i a t  s t e p  ( y e a r )  t ,  
k  k  
u  ( t )  = {ui (t) 1 be t h e  number of  h e a l t h  c a r e  s p e c i a l -  
ists of  group i ( i  = 1 ,  ..., n )  who e n t e r  
a t  s t e p  t t h e  c o u r s e s  f o r  improving 
q u a l i f i c a t i o n  o f  t y p e  k ( k  = 1 ,  ..., r ) ,  
A ( t )  = { a . . ( t ) )  be  t h e  t r a n s i t i o n  m a t r i x  f o r  s p e c i a l -  
1 7  is ts  who do n o t  e n t e r  any c o u r s e s  a t  
s t e p  t, and 
k  
B ( t )  = ib:j ( t )  1 be t h e  t r a n s i t i o n  m a t r i x  f o r  s p e c i a l -  
ists who e n t e r  c o u r s e s  a t  s t e p  t; T~ 
i s  t h e  t r a i n i n g  t i m e  f o r  c o u r s e s  of  
t y p e  k ( k  = 1 ,  ..., r ) .  
Then t h e  s t a t e  equa t ions  d e s c r i b i n g  t h e  dynamics of t h e  
d i s t r i b u t i o n  of h e a l t h  c a r e  s p e c i a l i s t s  over  d i f f e r e n t  groups 
w i l l  be: 
k Here x ( t )  i s  t h e  s t a t e  v a r i a b l e  and u  ( t )  i s  t h e  c o n t r o l  v a r i a b l e .  
We have phys i ca l  c o n s t r a i n t s  
and resource  c o n s t r a i n t s  
where f  ( t )  is t h e  vec to r  of  given resources  ( t e a c h e r s ,  b u i l d i n g s ,  
equipment, e t c .  ) . 
The t y p i c a l  problem he re  i s  t o  minimize t h e  t o t a l  d e v i a t i o n  
of a  r e a l  manpower p lan  { x ( t ) l  from t h e  d e s i r e d  d i s t r i b u t i o n  
I Z ( t )  I :  
s u b j e c t  t o  ( 1 ) - ( 3 ) .  
Th i s  model can be inco rpora t ed  i n t o  t h e  whole h e a l t h  man- 
power p lanning  system o r  can be t r e a t e d  s e p a r a t e l y .  
Another important  group of DLP models i s  connected with 
p lanning  problems f o r  t h e  prevention or control of different dis- 
eases or t o t a l  health care. 
The problem of HCS planning  may be reduced t o  f ind ing  a  p lan  
of a l l o c a t i o n  funds,  manpower, and o t h e r  c a p a c i t i e s  over  t ime 
among d i f f e r e n t  d i s e a s e  t r ea tmen t  a c t i v i t i e s  i n  such a  way t h a t  
t h e  o p t i m a l  o u t p u t  i n  t e r m s  o f  reduced  m o r t a l i t y ,  m o r b i d i t y  and 
o t h e r  l o s s e s  [ 8 , 9 , 1 0 , 1 1 ]  is  o b t a i n e d .  As an example w e  s h a l l  
c o n s i d e r  a  s i m p l e  model of  p l a n n i n g  d i f f e r e n t  a c t i v i t i e s  i n  a  
program o f  t h e  t r e a t m e n t  o f  some d i s e a s e  ( e . g .  h e a r t  d i s e a s e ,  
c a n c e r ,  t u b e r c u l o s i s ,  e t c .  ) . 
L e t  t h e  p o p u l a t i o n  o f  a  r e g i o n  ( c o u n t r y )  b e  b roken  down i n t o  
n  g r o u p s  b o t h  by age  and by t h e  s t a t e  o f  t h e  d i s e a s e ,  and l e t  
z .  ( t )  be  t h e  number o f  p e o p l e  f o r  g roup  i a t  s t e p  ( y e a r )  t .  
I t  i s  supposed t h a t  r ways o f  t r e a t m e n t  o f  t h e  d i s e a s e  a r e  
a t  t h e  d i s p o s a l  o f  HCS. The number of  p e o p l e  i n  g roup  i, who 
r e c i e v e  t r e a t m e n t  o f  t y p e  k  a t  y e a r  t w i l l  be  d e n o t e d  by u i ( t ) .  
The t r a n s i t i o n  m a t r i x  f o r  t h o s e  p e o p l e  who d i d  n o t  r e c e i v e  any 
t r e a t m e n t  a t  y e a r  t i s  denoted  A ( t )  and t h e  t r a n s i t i o n  m a t r i x  
k  f o r  t h o s e  who r e c e i v e  t r e a t m e n t  k  a t  y e a r  t i s  denoted  by B ( t )  
( t h i s  m a t r i x  d e f i n e s  t h e  e f f i c a c y  of  t h e  t r e a t m e n t  o f  t y p e  
k ( k  = 1 ,  ..., r)  i n  r e s p e c t  t o  d i f f e r e n t  p o p u l a t i o n  g r o u p s ) .  
The e q u a t i o n s  t h a t  d e s c r i b e  t h e  change i n  t h e  s t a t e  o f  t h e  
sys tem o v e r  t i m e  w i l l  be 
k k  
z ( t + l )  = A ( t )  [ z ( t )  - 1 u k ( t ) l  + 1 B ( t ) u  ( t )  . ( 5 )  
k  k  
S t a t e  e q u a t i o n  ( 5 ) ,  which d e s c r i b e s  t h e  p r o c e s s  of  improving 
t h e  s t a t e  o f  p o p u l a t i o n  h e a l t h ,  h a s  j u s t  t h e  same form a s  t h e  
s t a t e  e q u a t i o n  ( I ) ,  which d e s c r i b e s  t h e  p r o c e s s  of  improving t h e  
p r o f e s s i o n a l  s k i l l  o f  manpower. 
The c o n s t r a i n t s  a r e  a l s o  s i m i l a r :  
Thus,  a  u n i f i e d  s o l u t i o n  method can  be deve loped  f o r  t h i s  and 
o t h e r  DLP problems.  
The models d e s c r i b e d  can have  d i f f e r e n t  m o d i f i c a t i o n s  and 
v a r i a n t s  and t h e y  may s e r v e  a s  a  b a s i s  f o r  t h e  development  of  
more s o p h i s t i c a t e d  models i n  t h e  p l a n n i n g  o f  r e s o u r c e  a l l o c a t i o n  
i n  HCS e i t h e r  f o r  t r e a t m e n t  of  s e p a r a t e  d i s e a s e s  o r  f o r  t h e  HCS 
a t  whole .  
R e a l i s t i c  models  c e r t a i n l y  r e q u i r e  c o o p e r a t i v e  e f f o r t s  o f  
b o t h  t h e  h e a l t h  c a r e  s p e c i a l i s t s  a n d  s y s t e m s  a n a l y s t s ,  and  t h e  
DLP a p p r o a c h  m i g h t  b e  a n  e f f e c t i v e  t o o l  f o r  t h e  e l a b o r a t i o n  a n d  
i m p l e m e n t a t i o n  o f  o p t i m a l  p o l i c i e s  i n  HCS. 
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DISCUSSION 
P r o f e s s o r  Sh igan  reminded p a r t i c i p a n t s  t h a t  D r .  P r o p o i  comes 
from a g roup  working i n  c o l l a b o r a t i o n  w i t h  D r .  K a n t o r o v i c h ,  t h e  
Nobel P r i z e  winner ,  and w i t h  D r .  Dantz ig  from t h e  USA. The IIASA 
team would be  s e r i o u s l y  c o n s i d e r i n g  t h e  u s e  of  LP t e c h n i q u e s  be- 
c a u s e  t h e y  had been s u c c e s s f u l l y  a p p l i e d  i n  s e v e r a l  c o u n t r i e s .  
D r .  Rousseau s a i d  t h a t  he  had e x p e r i e n c e d  some s u c c e s s  w i t h  
LP t e c h n i q u e s  i n  h i s  Medics p r o j e c t  b u t  t h a t  one o f  t h e  p rob lems  
h e  e n c o u n t e r e d  d e r i v e d  from t h e  well-known p r o p e r t y  o f  an LP s o l u -  
t i o n ,  namely t h a t  it i s  an ex t reme  c a s e  a t  a n  apex  o f  t h e  f e a s i b l e  
s p a c e .  D r .  P r o p o i  r e c o g n i z e d  t h i s  problem and s a i d  t h a t  it would 
n o r m a l l y  be  n e c e s s a r y  t o  r u n  an LP s e v e r a l  t i m e s ,  f o r  a  r a n g e  o f  
p a r a m e t e r  v a l u e s .  
The I n t e r n a t i o n a l  I n t e g r a t e d  H e a l t h  
C a r e  System (IIHCS) Model--A P r e l i m i n a r y  Repor t  
K .  Atsumi 
INTRODUCTION 
Throughout  t h e  world-- in  deve loped  a s  w e l l  a s  i n  d e v e l o p i n g  
countr ies--demands and r e q u i r e m e n t s  f o r  h e a l t h  c a r e  have  been 
i n c r e a s i n g  f rom y e a r  t o  y e a r  and a r e  c o n t i n u i n g  t o  i n c r e a s e .  On 
t h e  o t h e r  hand, h e a l t h  c a r e  r e s o u r c e s  a r e  l i m i t e d  even i n  d e v e l -  
oped c o u n t r i e s  and i n  t h e  f u t u r e  t h e y  w i l l  be  s t r i c t l y  l i m i t e d  
i n  a l l  c o u n t r i e s .  I t  i s  d i f f i c u l t  now, and it w i l l  be  more d i f -  
f i c u l t  i n  t h e  f u t u r e ,  t o  r e s o l v e  t h e  imba lance  between demand 
and s u p p l y  i n  e a c h  c o u n t r y .  A l s o ,  t h e  g a p  i n  h e a l t h  c a r e  q u a l i t y  
between deve loped  and d e v e l o p i n g  c o u n t r i e s  w i l l  i n c r e a s e  t o  a  
c r i t i c a l  l e v e l .  
Reg iona l  o r  g l o b a l  h e a l t h  a l l o c a t i o n  w i l l  be  needed i n  t h e  
n e a r  f u t u r e .  System o r i e n t e d  and i n t e r d i s c i p l i n a r y  r e s e a r c h  and 
development  w i l l  b e  needed b e c a u s e  t h e  p rob lems  c o n f r o n t i n g  u s  
a r e  s o p h i s t i c a t e d  and m u l t i d i m e n s i o n a l .  
GOAL AND OBJECTIVES OF THE IIHCS 
The g o a l  o f  t h e  IIHCS is  t o  s u p p l y  d e c i s i o n m a k e r s  a t  n a t i o n a l  
and i n t e r n a t i o n a l  l e v e l s  w i t h  i n f o r m a t i o n  on t h e  a l l o c a t i o n  o f  
h e a l t h  c a r e  r e s o u r c e s  i n  t h e  ( m u l t i n a t i o n a l )  r e g i o n s  and i n  t h e  
w o r l d ,  and t o  p r o p o s e  a p p r o p r i a t e  s t r a t e g i e s  f o r  t h e i r  measures .  
The o b j e c t i v e s  o f  t h e  IIHCS a r e :  
- To e s t i m a t e  and f o r e c a s t  t h e  q u a n t i t a t i v e  r a n g e  o f  
t h e  minimum and maximum demands and r e q u i r e m e n t s  i n  
h e a l t h  c a r e  i n  e a c h  c o u n t r y ,  i n  e a c h  r e g i o n ,  and i n  
t h e  w o r l d .  
- To e s t i m a t e  and f o r e c a s t  t h e  range  o f  t h e  minimum and 
maximum c a p a c i t i e s  o f  r e s o u r c e s  and t h e i r  s u p p l i e s  i n  
e a c h  c o u n t r y ,  i n  e a c h  r e g i o n ,  and i n  t h e  w o r l d .  
- To a n a l y z e  socio-economic i n d i c a t o r s  o f  h e a l t h  de-  
mands and s u p p l i e s  and t h e i r  r e l a t i o n s h i p .  
- To a n a l y z e  t h e  e s s e n t i a l  components and t h e i r  func-  
t i o n s  i n  t h e  HCS. 
- To cons t ruc t  a  r eg iona l  model of hea l th  ca re .  
- To analyze the  ava i l ab le  and p r a c t i c a l  measures 
f o r  the  a l l o c a t i o n  of h e a l t h  resources .  
- To propose management s t r a t e g i e s  f o r  hea l th  
resource  a l l o c a t i o n  i n  t he  regions  and i n  the  
world. 
PRINCIPLES FOR RESEARCH AND DEVELOPMENT OF THE IIHCS MODEL 
- For everyone, a t  every time and every place ,  t o  
reach e q u a l i t y  i n  accepting t h e i r  appropr ia te  
hea l th  ca re  se rv ices .  
- To d i v i d e  t h e  world i n t o  severa l  regions  s i m i l a r  
with respect  t o  s o c i a l  and p o l i t i c a l  s t r u c t u r e s  
and hea l th  s i t u a t i o n s  (Western Europe, Eastern 
Europe, Afr ica ,  North America, South America, 
Oceania, Eas t  Asia, e t c . )  . 
- To recognize t h e  reg iona l  c h a r a c t e r i s t i c s  of 
h e a l t h  ca re  i n  each region and t o  apprec ia te  
t h e i r  independence a s  much a s  poss ib le .  
- To a l l o c a t e  l imi ted  hea l th  resources  e f f e c t i v e l y  
and e f f i c i e n t l y  a t  the  reg iona l  l e v e l .  
- To develop more d e t a i l s  of models and submodels 
a f t e r  step-by-step modification.  
- To modify t h e  s t r u c t u r e  of t h e  models according 
t o  a c t u a l  da ta  and t h e i r  opera t ion.  
- The concept of h e a l t h  means human welfare--physical ,  
mental and socia l - - in  the  world. 
Health ca re  includes not  only comprehensive medical care-- 
prevent ive  ca re ,  cu ra t ive  ca re ,  r e h a b i l i t a t i o n ,  and hea l th  
maintenance--bat a l s o  environmental problems--water, food, a i r ,  
energy, housing, t r anspor ta t ion ,  e t c .  However, i n  t h i s  research,  
t h e  modeling of comprehensive medical ca re  w i l l  be mainly d i s -  
cussed, of which re levan t  f a c t o r s  a r e  information,  manpower, 
m a t e r i a l ,  instruments,  f a c i l i t i e s ,  and socio-economics. 
FRAMEWORK 
The IIHCS modeling i s  in tegra ted  and comprehensive and com- 
p r i s e s  s e v e r a l  submodels, namely, population,  morbidity,  demand- 
supply,  resource,  and resource a l l o c a t i o n .  These a r e  intercon- 
nected with the  o t h e r  r e l evan t  models, namely, environmental, 
food ,  w a t e r  s u p p l y ,  e c o l o g y ,  u r b a n  and r u r a l ,  v a l u e ,  and p o l i c y  
a n a l y s i s  models .  T h e r e f o r e ,  i n  t h e  development  o f  t h e  IIHCS, 
n o t  o n l y  i n t e r n a t i o n a l  c o o p e r a t i o n  b u t  a l s o  c o o p e r a t i o n  w i t h  t h e  
o t h e r  t a s k s  i n  IIASA a r e  n e c e s s a r y .  
HEALTH RESOURCES I N  SUBMODULES OF THE IIHCS 
Comprehensive HCS a r e  d i v i d e d  i n t o  s e v e r a l  submodules--envi- 
r o n m e n t a l  c a r e ,  communicable d i s e a s e  c a r e ,  p r e v e n t i v e  c a r e ,  r u r a l  
h e a l t h  c a r e ,  s a n i t a r y  e d u c a t i o n ,  emergency c a r e ,  c u r a t i v e  medica l  
c a r e ,  h e a l t h  main tenance ,  comprehensive c a r e ,  etc. For  o p e r a t i o n ,  
t h e s e  submodules need h e a l t h  resources--manpower,  f a c i l i t i e s ,  
i n s t r u m e n t s ,  m a t e r i a l s ,  e t c .  And t h e s e  r e s o u r c e s  may depend on 
p o p u l a t i o n  s i z e  and t h e i r  socio-economic f a c t o r s  and may b e  c a l -  
c u l a t e d  a s  a  package u n i t .  T h e r e f o r e ,  w i t h  t h e  p o p u l a t i o n  and 
socio-economic i n d i c a t o r s  i n  t h e  r e g i o n s  a s  i n p u t ,  t h e  h e a l t h  
r e s o u r c e s  r e q u i r e d  i n  e a c h  submodule may be  c a l c u l a t e d .  
ESTIMATION OF DEMAND AND SUPPLY I N  REGIONAL HEALTH CARE 
The f i r s t  s t e p  o f  t h e  R & D i n  t h e  IIHCS model ing i s  t o  
e s t i m a t e  t h e  demand and s u p p l y  i n  e a c h  r e g i o n  i n  two ways. One 
is t o  c o l l e c t  t h e  d a t a  on t h e  demand and s u p p l y  i n  e a c h  c o u n t r y  
and t o  sum them f o r  t h e  r e g i o n .  T h i s  t a k e s  t i m e  and manpower. 
The o t h e r  approach  i s  t h e  s y s t e m s - o r i e n t e d  approach  o f  c l a s s i f y i n g  
t h e  r e g i o n  w i t h  t h e  a p p r o p r i a t e  socio-economic i n d i c a t o r s  and 
e s t i m a t i n g  p r e s e n t  and f u t u r e  demand and s u p p l y  f o r  a  whole r e g i o n .  
I f  t h e  l a t t e r  approach  i s  p o s s i b l e ,  t h e  comparison o f  d i f f e r e n t  
r e g i o n a l  d a t a  would be performed e a s i l y ,  s a v i n g  t i m e  and manpower. 
The submodules o f  t h e  IIHCS a r e  r e l a t e d  t o  t h e  socio-economic 
i n d i c a t o r s .  The h i e r a r c h i c a l  and q u a n t i t a t i v e  r e l a t i o n s h i p  o f  
submodules i n  comprehensive h e a l t h  c a r e  model ing i n  t h e  r e g i o n  
may b e  c a l c u l a t e d  from t h e  socio-economic i n d i c a t o r s  and t h e  de- 
mand and s u p p l y  o f  h e a l t h  c a r e  i n  t h e  r e g i o n  e s t i m a t e d .  
The most  i m p o r t a n t  problem i n  t h i s  r e s e a r c h  i s  t o  d e c i d e  
upon t h e  socio-economic i n d i c a t o r s  and t o  c l a r i f y  t h e  r e l a t i o n -  
s h i p  between t h e  i n d i c a t o r s  and h e a l t h  c a r e .  The f o l l o w i n g  t h r e e  
i n d i c a t o r s - - G N P ,  GNW ( g r o s s  n a t i o n a l  w e l f a r e ) ,  and GNS ( g r o s s  
n a t i o n a l  s t a t i s f a c t i o n ) - - a r e  c o n s i d e r e d  a s  t h e  socio-economic 
i n d i c a t o r s .  
GNP 
GNW 
- H e a l t h  c a r e  i n d i c a t o r s  ( m e d i c a l  c a r e  cost/GNP, 
h e a l t h  manpower, f a c i l i t i e s ,  m o r b i d i t i e s ,  e t c . )  
- S a n i t a r y  i n d i c a t o r s  ( w a t e r  s u p p l y ,  d r a i n a g e ,  
p o l l u t i o n  measures ,  e t c .  ) 
- Educat ion i n d i c a t o r s  (number of  u n i v e r s i t i e s ,  
u n i v e r s i t y / s t u d e n t  r a t i o ,  l i t e r a c y  r a t i o ,  e t c . )  
- Environmental  i n d i c a t o r s  (g r een  pa rk  r a t i o ,  high- 
way r a t i o ,  e t c . )  
- Welfare  i n d i c a t o r s  (hous ing ,  s o c i a l  s e c u r i t y ,  em- 
ployment,  e t c .  ) 
GNS 
- S u i c i d e  r a t e ,  d i v o r c e  r a t e ,  s t r i k e  r a t e ,  r e c r e a t i o n  
t ime  r a t e ,  e t c .  
DISCUSSION 
The q u e s t i o n  o f  t h e  user  o f  a  g l o b a l  i n t e g r a t e d  model was 
d i s c u s s e d .  P r o f e s s o r  Atsumi cons ide red  t h a t  WHO would probably  
be a  u s e r  and, by s tudy ing  t h e  HCS of  d i f f e r e n t  c o u n t r i e s  w i th  
a  u n i v e r s a l  methodology, would be i n  a  p o s i t i o n  t o  adv i se  t h e s e  
c o u n t r i e s  on what mix of  f a c i l i t i e s  t hey  should  p rov ide .  
Objec t ives  of t h e  Research Group 
on Health Se rv ices  (GERSS--Paris) 
M. Goldberg 
For ou r  r e sea rch  group, h e a l t h  systems a r e  a  branch of  human 
ecology concerned mainly wi th  t h e  s tudy of t h e  h e a l t h  o f  human 
popu la t ions  i n  r e l a t i o n  t o  t h e i r  s o c i a l ,  c u l t u r a l ,  economic, and 
p h y s i c a l  environment considered a s  de terminants  o f  h e a l t h .  A s  
s t a t e d  i n  WHO'S d e f i n i t i o n ,  h e a l t h  cannot  be reduced t o  t h e  mere 
absence of d i s e a s e .  Therefore  i n  ou r  approach, h e a l t h  is  con- 
s i d e r e d  n o t  only  i n  i t s  nega t ive  a s p e c t s ,  bu t  a l s o  i n  i t s  p o s i t i v e  
ones .  
The word "system" h a s  a  s i g n i f i c a n t l y  d i f f e r e n t  meaning 
depending on t h e  d i s c i p l i n e  t h a t  uses  it. For us ,  it means a  
g l o b a l  approach t o  t h e  problem o f  t h e  va r ious  d i s c i p l i n e s  con- 
cerned wi th  t h e  h e a l t h  of popula t ions :  epidemiology, psychology, 
soc io logy,  economics, mathematics, i n f o r m a t i c s ,  and s t a t i s t i c s .  
A s  t h e  c e n t r a l  a s p e c t  of ou r  work i s  t h e  h e a l t h  o f  popu la t ions ,  
we can say  t h a t  our approach i s  mostly ep idemiologica l  a s  opposed 
t o  economic f o r  i n s t a n c e .  Therefore ,  our  r e sea rch  is  n o t  focused 
on t h e  h e a l t h  c a r e  d e l i v e r y  systems,  b u t ,  r a t h e r  encompasses t h e  
e n t i r e  s e t  of de terminants  o f  h e a l t h .  A determinant  o f  h e a l t h  
may be de f ined  i n  a  systems a n a l y s i s  con tex t  a s  a  g e n e r a l i z a t i o n  
of t h e  ep idemio log i s t s '  concept  o f  r i s k  f a c t o r s .  I t  covers  a l l  
e lements  c o r r e l a t e d  wi th  h e a l t h  i n  a  nega t ive  o r  p o s i t i v e  way 
wi thout  exc luding  those  f o r  which no s t r i c t  c a u s a l  r e l a t i o n s h i p s  
can be a s c e r t a i n e d  o r  those  t h a t  cannot  be p h y s i c a l l y  de f ined ,  
such a s  socio-economic c o n d i t i o n s ,  l i f e  h a b i t s ,  i a t r o g e n e s i s ,  
c l i m a t i c  cond i t ions ,  and s o  f o r t h .  
I n  o r d e r  t o  organize  i t s  a c t i v i t i e s  w i t h i n  t h e s e  gene ra l  
o b j e c t i v e s ,  ou r  group has  chosen a few major r e sea rch  a r e a s  f o r  
t h e  n e x t  two yea r s :  
- Comparative a n a l y s i s  of t h e  h e a l t h  systems of  
va r ious  c o u n t r i e s .  We a l r e a d y  have e s t a b l i s h e d  
r e l a t i o n s h i p s  wi th  Alge r i a ,  Aus t r i a ,  and t h e  
Canadian province  of  Quebec, and we a r e  seeking  
t o  develop new c o n t a c t s  with o t h e r  p u b l i c  h e a l t h  
r e sea rch  departments  e s p e c i a l l y  w i t h i n  t h e  WHO 
European region .  
- Measurement o f  t h e  h e a l t h  of  popu la t ions .  A g r e a t  
amount of  conceptua l ,  methodological ,  and p r a c t i c a l  
work needs t o  be c a r r i e d  o u t  i n  t h i s  f i e l d ,  s i n c e  
t h e r e  i s  no gene ra l  agreement concerning t h e  var- 
ious  concepts  o f  h e a l t h  o r  t h e  b e s t  way of  measur- 
i n g  it. We a r e  c u r r e n t l y  i n v e s t i g a t i n g  v a r i o u s  
dimensions of  i l l n e s s - - h e a l t h - m o r t a l i t y ,  morbid i ty ,  
d i s a b i l i t y ,  and handicap--as  w e l l  a s  o f  p o s i t i v e  
h e a l t h ,  i n c l u d i n g  t h e  u s e  o f  more o r  less g l o b a l  
p o p u l a t i o n  h e a l t h  i n d e x e s .  
- Study  o f  t h e  r e l a t i o n s h i p s  between a  series of  
h e a l t h  de te rminan t s - -wi th  an emphas i s  on s o c i o -  
economic ones--and t h e  h e a l t h  o f  a  p o p u l a t i o n .  
- I n v e s t i g a t i o n  o f  r e l a t i o n s h i p s  between t h e  h e a l t h  
d e t e r m i n a n t s  t h e m s e l v e s .  Systems a n a l y s i s  w i l l  
be used  t o  set  up ne tworks  o f  r e l a t i o n s h i p s  among 
t h e  h e a l t h  d e t e r m i n a n t s .  
These  l a s t  two i t e m s  a r e  u n d e r t a k e n  w i t h  s p e c i a l  emphas i s  p l a c e d  
on nonmedical  p r e v e n t i o n .  
- I n v e s t i g a t i o n  of  r e l a t i o n s h i p s  between s o c i o -  
economic p a r a m e t e r s  and h e a l t h  d e t e r m i n a n t s .  
- C r i t i c a l  a n a l y s i s  o f  t h e  e p i d e m i o l o g i c a l  l i t e r a -  
t u r e .  The h y p o t h e s i s  i s  t h a t  t h e  c h o i c e  o f  t h e  
phenomena t o  b e  i n v e s t i g a t e d  by t h e  e p i d e m i o l o g i s t s  
i s  b i a s e d  and l i n k e d  t o  c e r t a i n  socio-economic 
f a c t o r s .  The r e s u l t  i s  t h a t  many i m p o r t a n t  phe- 
nomena a r e  n o t  s t u d i e d  enough. W e  d e c i d e d  t o  f o c u s  
t h i s  a s p e c t  o f  o u r  work on t h e  a n a l y s i s  o f  t h e  
" u n s a i d "  i n  t h e  e p i d e m i o l o g i c  l i t e r a t u r e .  
- C o n s t r u c t i o n  o f  a  g l o b a l  e p i d e m i o l o g i c a l  dynamic 
model o f  t h e  h e a l t h  s y s t e m  of  o u r  c o u n t r y .  ide 
c o n s i d e r  t h i s  model a  n e c e s s a r y  t o o l  f o r  v a l i d a t -  
i n g  and s y n t h e s i z i n g  t h e  r e s u l t s  o f  o u r  work i n  
t h e  o t h e r  a r e a s  and a s  a  p r e d i c t i v e  t o o l .  Con- 
c e r n i n g  t h e  l a t t e r  p o i n t ,  w e  p l a n  t o  u s e  it main ly  
f o r  s i m u l a t i o n  o f  t h e  g l o b a l  i m p a c t  o f  p r e v e n t i v e  
programs and a c t i o n s  on t h e  h e a l t h  o f  t h e  p o p u l a t i o n .  
I n  o r d e r  t o  a v o i d  working i n  o n l y  a  m e t h o d o l o g i c a l l y  o r i e n t e d  
s t r u c t u r e ,  w e  d e c i d e d  t o  s t u d y  two major  h e a l t h  p rob lems ,  namely 
t u b e r c u l o s i s  and a l c o h o l i s m  w i t h i n  t h e  g e n e r a l  framework o f  t h e  
t a s k s  l i s t e d  above. 
IETHODS OF :VOW 
GERS was set up i n  September 1 9 7 6  a f t e r  two y e a r s  o f  r e g u l a r  
m e e t i n q s  and p r e p a r a t i o n .  The g roup  i s  p a r t  o f  t h e  Research U n i t  
on ~ l e t h o d o l o g y  i n  Pledical I n f o r m a t i c s  and S t a t i s t i c s  and o f  t h e  
Depar tment  o f  TIedical I n f o r m a t i c s  i n  t h e  P i t i 6 - S a l p e t r i s r e  Medical  
School ,  b o t h  headed by P r o f e s s o r  R. Gremy. 
P l a t e r i a l  p r i o r i t i e s  w i t h  r e s p e c t  t o  t h e  o b j e c t i v e s  a r e  d e f i n e d  
by t h e  g r o u p ' s  members. So a r e  t h e  s c i e n c e s  and methods used ;  
domains o f  knowledge a r e  q u i t e  numerous: e p i d e m i o l o g y ,  economics ,  
s t a t i s t i c s ,  i n f o r m a t i c s ,  mathemat ics ,  s o c i o l o g y ,  psychology,  and 
b i o logy  be ing  t h e  most impor t an t  w i t h i n  t h e  framework of  o u r  ob- 
j e c t i v e s .  The re fo r e ,  it i s  of  utmost  importance t o  e n s u r e  a  
m u l t i d i s c i p l i n a r y  s t r u c t u r e  o f  t h e  group. The GEBSS i s  now com- 
posed 05 e i g h t  i n d i v i d u a l s  working pa r t - t ime :  
Background 
Cannone, F r a n s o i s  Bledical Doc to r a t e  
Chaperon, J acques  Medical  Doc to r a t e ,  E p idemio log i s t  
Fuh re r ,  Rebecca P s y c h o l o g i s t ,  1.1edical I n f o r m a t i c s  PhD 
Goldberg,  Marcel Medical  Doc to r a t e ,  Computer Sc ience  
Doc to r a t e  
Goldberg,  P a q u e r e t t e  I h t h e m a t i c s  Doc to r a t e  
Le aeux ,  Pierre Engineer ,  Medical  I n f o r m a t i c s  PhD 
L e c l e r c ,  Annet te  S t a t i s t i c s  Doc to r a t e  
Se idne r ,  Chan t a l  Documenta l i s t  
I n  a d d i t i o n  w e  p l a n  t o  have a s  soon a s  p o s s i b l e  r e s e a r c h e r s  wi th  
a  background i n  economics and s o c i a l  s c i e n c e s .  Close c o n t a c t s  
have been t aken  w i th  o t h e r  r e s e a r c h  u n i t s  working i n  t h e  d i f f e r -  
e n t  f i e l d s  connected t o  ou r  p r o j e c t s  and i n  some c a s e s  c o l l a b o r a -  
t i o n  h a s  been i n i t i a t e d  on s p e c i f i c  t o p i c s .  Owing t o  i t s  r e c e n t  
c r e a t i o n ,  t h e  GERSS does n o t  have a s  y e t  i n s t i t u t i o n a l  autonomy. 
P l a n s  a r e  be ing  made t o  set  up i n  t h e  near  f u t u r e  an autonomous 
i n s t i t u t i o n ,  p o s s i b l y  i n  a s s o c i a t i o n  w i t h  o t h e r  g roups .  
DISCUSSION 
Answering a  q u e s t i o n  from D r .  Haro, D r .  Goldberg exp l a ined  
t h a t  he i n t ended  t h a t  h i s  a n a l y s i s  o f  t h e  r e l a t i o n s h i p  between 
m o r t a l i t y  and socio-economic f a c t o r s  would be  o f  t h e  l o n g i t u d i n a l  
t y p e ,  based  on time-series d a t a  a t  t h e  d i s t r i c t  l e v e l  i n  France .  
P r o f e s s o r  McDonald asked  D r .  Goldberg whether  he i n t ended  t o  
c o n s t r u c t  measures  o f  h e a l t h  based on a v a i l a b l e  s u r r o g a t e  i n d i c e s  
such  a s  m o r t a l i t y ,  morb id i t y ,  d i s a b i l i t y ,  and handicap--which 
seemed t o  be a  p ragmat ic  approach--or whether  he was p r opos ing  t o  
deve lop  a  new concept  and measure o f  h e a l t h .  D r .  Goldberg s a i d  
t h a t  he i n t ended  t o  f o l l ow  t h e  former approach;  he planned t o  
r e d e f i n e  concep t s  such  a s  d i s a b i l i t y  and handicap  i n  a  more prag-  
m a t i c  way s o  a s  t o  be a b l e  t o  use  e x i s t i n g  d a t a  a v a i l a b l e  i n  a  
number o f  c o u n t r i e s .  P r o f e s s o r  EIcDonald s t r e s s e d  t h e  importance 
o f  c o n s t r u c t i n g  measures  t h a t  w e r e  s p e c i f i c  t o  c e r t a i n  s t a t e d  
c r i t e r i a  i n  s p e c i f i c  groups of people .  H e  gave examples from t h e  
work o f  h i s  group--a s o c i a l  independence v e c t o r  t h a t  i s  b e i n g  
used i n  p l ann ing  t h e  c a r e  o f  t h e  e l d e r l y  d i s a b l e d ,  and a  v e c t o r  
c o n t a i n i n g  e l emen t s  p e r t a i n i n g  t o  c a r e ,  c u r e ,  and roof  t h a t  i s  
b e i n g  a p p l i e d  t o  t h e  p r o v i s i o n  o f  s e r v i c e s  f o r  t h e  m e n t a l l y  
i l l - - a n d  c o n t r a s t e d  t h i s  w i t h  t h e  f a r  more d i f f i c u l t  t a s k  o f  
c o n s t r u c t i n g  a  g l o b a l  measure .  D r .  Goldberg a g r e e d ;  h e  s a i d  t h a t  
h i s  g roup  were  t r y i n g  t o  d e f i n e  sets o f  i n d i c a t o r s  f o r  s p e c i f i c  
g roups  o f  p e o p l e .  
P r o f e s s o r  Atsumi a s k e d  a b o u t  t h e  s t a n d a r d i z a t i o n  o f  d a t a .  
D r .  Goldberg r e p l i e d  t h a t  t h i s  would be  c o n s i d e r e d  a f t e r  t h e  
d e f i n i t i o n  o f  i n d i c e s  f o r  s p e c i f i c  g roups .  D r .  Komarov asked  
a b o u t  t h e  s e l e c t i o n  o f  c r i t e r i a  f o r  d e f i n i n g  i n d i c e s  and s t r e s s e d  
t h e  problem o f  i n t e r p r e t i n g  h e a l t h  c a r e  o b j e c t i v e s .  D r .  Goldberg 
s a i d  t h a t  h e  i n t e n d e d  t o  d e v i s e  some way o f  s e l e c t i n g  from t h e  
a v a i l a b l e  d a t a  i n  many c o u n t r i e s  and t o  see whether  some i t e m s  
matched w i t h  o t h e r s  s o  t h a t  t h e  d a t a  gaps  i n  some c o u n t r i e s  such  
a s  F r a n c e  c o u l d  b e  f i l l e d .  H e  would t h e n  t r y  t o  t r a n s l a t e  them 
i n  t e r m s  such  a s  d i s a b i l i t y  i n  s u c h  a  way a s  t o  r e v e a l  t h e  i m p a c t  
o f  h e a l t h  s e r v i c e s  on m o r b i d i t y  and m o r t a l i t y .  P r o f e s s o r  Sh igan  
remarked t h a t  t h i s  approach  was c o n s i s t e n t  w i t h  work b e i n g  c a r -  
r i e d  o u t  e l s e w h e r e  and w i t h  t h e  h i s t o r i c a l  p r o c e s s  o f  c o n t i n u a l  
r e f i n e m e n t  o f  measures .  One hundred y e a r s  a g o ,  o n l y  m o r t a l i t y  
i n d i c e s  were used ,  t o d a y  m o r b i d i t y  measures  a r e  i n c r e a s i n g l y  
b e i n g  used and i n  f u t u r e  it i s  t o  be e x p e c t e d  t h a t  o t h e r  a d d i -  
t i o n a l  measures  w i l l  be  r e q u i r e d ,  p a r t i c u l a r l y  t h o s e  r e l a t i n g  t o  
socio-economic f a c t o r s .  
SUGGESTIONS FOR FUTURE MODELING WORK TO BE DONE BY 
THE IlASA BIOMEDICAL TEAM 

The IIASA S c i e n t i f i c  Area 
"Human S e t t l e m e n t s  and S e r v i c e s "  
* 
and t h e  Biomedica l  Team 
One of t h e  f o u r  r e s e a r c h  areas! a t  IIASA i s  Human S e t t l e m e n t s  
and S e r v i c e s ,  l e d  by P r o f e s s o r  Andrei  Roge'rs. The p r i n c i p a l  
r e s e a r c h  q u e s t i o n s  posed i n  t h i s  Area c o n c e r n  p e o p l e :  how many 
a r e  t h e r e ;  where do t h e y  l i v e ;  what a r e  t h e i r  demands f o r  re- 
s o u r c e s ,  goods and s e r v i c e s ?  \ f i a t  i s  t h e  impac t  o f  t h e s e  p e o p l e  
on r e s o u r c e s  and on t h e  env i ronment?  
The s t u d y  of p e o p l e  o r  p o p u l a t i o n  h a s  been o r g a n i z e d  i n  t h r e e  
o v e r l a p p i n g  c a t e g o r i e s ,  d e f i n e d  i n  terms o f  t h e  t i m e - p e r s p e c t i v e  
o f  t h e  d e c i s i o n m a k e r  ( F i g u r e  1 ) . 
TASKS 
I I COMPUTER INFORMATION I SYSTEMS 
POPULATION. RESOURCES & GROWTH 
TIME 
SHORT-RUN ( I  YR.) MEDIUM-RUN (3-5 YRS.) LONG-RUN (15+YRS.1 
PERSPECTIVE PERSPECTIVE PERSPECTIVE 
MANAGEMENT INVESTMENT DEVELOPMENT 
POLICIES PROGRAMS PLANS 
* T h i s  overv iew i s  based on HSS-Area d e s c r i p t i o n s  by A .  Roqers .  
- Shor t - run  p e r s p e c t i v e .  I n  t h e  s h o r t  r u n ,  t h e  
s t r u c t u r e  of  t h e  system c a n n o t  b e  changed.  The 
o n l y  t h i n g  t h a t  can b e  done th rough  p o l i c i e s  is  
m a r g i n a l  improvements i n  terms of  b e t t e r  manage- 
ment t o  make t h e  sys tem more e f f i c i e n t .  An 
i l l u s t r a t i o n  o f  t h i s  management-re la ted r e s e a r c h  
i s  a u t o m a t i c  t r a f f i c  c o n t r o l  t o  improve t h e  e f f i -  
c i e n c y  o f  urban t r a n s p o r t a t i o n  sys tems .  Another 
i l l u s t r a t i o n  i s  t h e  use  o f  computers  i n  l o c a l  
government.  T h i s  t o p i c  w i l l  be d e a l t  w i t h  i n  1978 .  
- Medium-run p e r s p e c t i v e .  I n  t h e  medium r u n ,  t h e  
b a s i c  s t r u c t u r e  o f  t h e  sys tem c a n n o t  b e  changed. 
However, i n v e s t m e n t s  can  b e  made i n  c e r t a i n  p a r t s  
o f  t h e  system.  Programs a r e  t h e  p r i n c i p l e  v e h i c l e s  
o f  implementa t ion .  I n  h e a l t h  c a r e ,  f o r  example,  
t h e  expans ion  of  h o s p i t a l s  i s  a problem o f  i n v e s t -  
ment. S i m i l a r l y ,  e d u c a t i o n a l  p l a n n i n g  i s  l a r g e l y  
w i t h i n  a  medium t i m e  h o r i z o n .  
Long-run p e r s p e c t i v e .  I n  t h e  l o n g  r u n ,  s t r u c t u r a l  
change can t a k e  p l a c e .  S t r u c t u r a l  change i s  d e f i n e d  
h e r e  a s  change i n  t h e  p a t t e r n  o f  human s e t t l e m e n t  
sys tems ,  o r ,  i n  o t h e r  words ,  a  change i n  t h e  d i s -  
t r i b u t i o n  of  p e o p l e  among c i t ies  and h i n t e r l a n d s  
and among r e g i o n s .  The s t u d y  o f  t h e  f e a t u r e s  o f  
t h e s e  long-run changes ,  o f  t h e i r  c a u s e s  and con- 
sequences  i n v o l v e s  t h e  c o n s i d e r a t i o n  o f  t h e  deve lop-  
ment p r o c e s s  and o f  development  p l a n s .  
The r e s e a r c h  i n  t h e  Human S e t t l e m e n t s  and S e r v i c e s  Area i s  
o r g a n i z e d  i n t o  f o u r  t a s k s :  H e a l t h  Care  Systems;  Human S e t t l e m e n t s ;  
M i g r a t i o n  and S e t t l e m e n t ;  and P o p u l a t i o n ,  Resources ,  and Growth. 
Tasks  a r e  t h e  b a s i c  r e s e a r c h  u n i t s  a t  IIASA. 'Where t h e  a r e a s  a r e  
permanent ,  and may b e  compared w i t h  u n i v e r s i t y  d e p a r t m e n t s ,  t h e  
t a s k s  have a  v e r y  w e l l  d e f i n e d  t i m e  h o r i z o n  o f  approx imate ly  two 
t o  t h r e e  y e a r s ,  and d e a l  w i t h  v e r y  w e l l  d e f i n e d  r e s e a r c h  t o p i c s  
and have  a b o u t  t h r e e  t o  f i v e  s c i e n t i s t s .  The f i r s t  t a s k  i s  t h e  
H e a l t h  C a r e  S y s t e m s  T a s k .  I t s  purpose  i s  t o  d e v e l o p  a  computer- 
i z e d  m a t h e m a t i c a l  model t h a t  w i l l  e n a b l e  t h e  po l icymakers  t o  
e v a l u a t e  t h e  consequences  o f  a l t e r n a t i v e  c o u r s e s  o f  a c t i o n  w i t h  
r e g a r d  t o  i n v e s t m e n t s  i n  p a r t i c u l a r  HCS and t o  compare a l t e r n a t i v e  
n a t i o n a l  HCS. It i s  t h e  people  working i n  t h i s  t a s k  who a r e  re- 
s p o n s i b l e  f o r  t h e  p r e p a r a t i o n  and o r g a n i z a t i o n  o f  t h i s  workshop. 
D r .  Shigan  and h i s  c o l l a b o r a t o r s  w i l l  p r o v i d e  you w i t h  a  d e t a i l e d  
d e s c r i p t i o n  o f  t h e  r e s e a r c h  s t r a t e g y  and f i n d i n g s  o f  t h e  h e a l t h  
c a r e  t a s k .  
The second t a s k  i s  t h e  Human S e t t l e m e n t s  T a s k .  I t  s t u d i e s  
t h e  s p a t i a l  s t r u c t u r e  o f  human s e t t l e m e n t s  and i t s  dynamics.  I n  
t h i s  t a s k ,  "human s e t t l e m e n t s "  i s  d e f i n e d  a s  a  sys tem o f  c i t i e s .  
The o b j e c t i v e  o f  t h i s  t a s k  i s  t o  u n d e r s t a n d  t h e  s p a t i a l  and t e m -  
p o r a l  development  p r o c e s s e s  o f  sys tems  o f  c i t i e s  b e t t e r .  A major 
q u e s t i o n  a d d r e s s e d  is:  how can w e  d e f i n e  g e o g r a p h i c a l  s o u r c e s  
of i nnova t ion  and economic growth,  and what a r e  t h e  f e a t u r e s  of  
t h e  d i f f u s i o n  of  i nnova t ion  and economic growth? The r e s e a r c h  
s t r a t e g y  i s  f i r s t  t o  determine f u n c t i o n a l  u n i t s  i n  human s e t t l e -  
ment systems.  Func t iona l  u n i t s  c o n s i s t  o f  a  sou rce  of  growth o r  
i nnova t ion  ( a  l a r g e r  c i t y ,  s ay )  and i t s  h i n t e r l a n d .  The d e l i n e a -  
t i o n  o f  f u n c t i o n a l  r e g i o n s  fo l l ows  a  paradigm proposed by Br i an  
Berry i n  a  s t udy  on t h e  US, by Norman Glickman on Japan ,  and by 
P e t e r  H a l l  on t h e  UK. C u r r e n t l y ,  t h i s  t a s k  i s  working on t h e  
mapping of  f u n c t i o n a l  r eg ions  i n  IIASA'S member n a t i o n s ,  t h e  
work be ing  c a r r i e d  o u t  i n  c o l l a b o r a t i o n  w i t h  t h e  Department of  
Geography a t  t h e  U n i v e r s i t y  of Reading, UK. Figu re  2 p r e s e n t s  an 
i l l u s t r a t i o n  of  such a  d e l i n e a t i o n  of f u n c t i o n a l  r eg ions .  
The t h i r d  t a s k  i s  t h e  M i g r a t i o n  and S e t t l e m e n t s  T a s k .  I t  
s t u d i e s  t h e  growth and t h e  d i s t r i b u t i o n  of  people  i n  a  mu l t i -  
r e g i o n a l  system: i t s  p a t t e r n ,  c a u s e s ,  and consequences.  The 
focus  is on methodology: t h e  fo rmu la t i on  of  d e s c r i p t i v e  models 
o f  s p a t i a l  popu la t i on  growth, of  exp l ana to ry  models o f  i t s  major  
component ( m i g r a t i o n ) ,  and f i n a l l y ,  o f  p o l i c y  models of  popula- 
t i o n  d i s t r i b u t i o n  p o l i c i e s .  The t a s k  is organ i zed  i n t o  fou r  sub- 
t a s k s  (F igu re  3 )  : 
- The s tudy  of  s p a t i a l  popu la t i on  d y n a m i c s ;  
- The d e f i n i t i o n  and e l a b o r a t i o n  of a  r e s e a r c h  
a r e a  c a l l e d  d e m o r n c t r i c s  and i t s  a p p l i c a t i o n  t o  
mig ra t i on  a n a l y s i s  and s p a t i a l  popu la t i on  
f o r e c a s t i n g  ; 
- The a n a l y s i s  and des ign  of  mig ra t i on  and s e t t l e -  
ment p o l i c y ;  
- A c o m p a r a t i v e  s t u d y  of n a t i o n a l  m ig ra t i on  and 
s e t t l e m e n t  p a t t e r n s  and p o l i c i e s .  
The f i r s t  sub t a sk ,  dynamics, s t u d i e s  t h e  s p a t i a l  popu la t i on  growth 
i n  pu re ly  demographic te rms .  It i n v e s t i g a t e s  how t h e  f o r c e s  of  
f e r t i l i t y ,  m o r t a l i t y ,  and mig ra t i on  shape  f u t u r e  p o p u l a t i o n s .  
Age is t h e  s i n g l e  most impor tan t  de t e rminan t  of t h e  r e l a t i v e  i m -  
por t ance  of t h e  growth components. This  t o g e t h e r  w i t h  t h e  ob- 
s e r v a t i o n  t h a t  age cu rves  of  f e r t i l i t y ,  m o r t a l i t y ,  and migra t ion  
a r e  remarkably s i m i l a r  f o r  d i f f e r e n t  c o u n t r i e s  and d i f f e r e n t  
t ime  p e r i o d s ,  l e d  u s  t o  s e l e c t  a g e - s p e c i f i c  r a t e s  a s  t h e  b a s i c  
parameters  of t h e  models developed i n  t h i s  s u b t a s k .  Topics  
s t u d i e s  i n c l u d e  t h e  long-run s p a t i a l  impact of c u r r e n t  f e r t i l i t y ,  
m o r t a l i t y ,  and mig ra t i on  behav io r ;  t h e  s h o r t -  and long-run s p a t i a l  
impact  of changes i n  t h i s  behavior-- in  p a r t i c u l a r ,  t h e  impact o f  
a l t e r n a t i v e  d rops  o f  f e r t i l i t y  t o  replacement  l e v e l .  I n  a d d i t i o n ,  
we have addressed  t h e  problem of  agg rega t i on  and decomposi t ion 
i n  demographic modeling. 





Figure 3. Migration and settlement study. 
The second s u b t a s k ,  demometr ics ,  d e a l s  w i t h  t h e  e c o n o m e t r i c  
model ing o f  m i g r a t i o n :  i d e n t i f i c a t i o n  and e s t i m a t i o n  o f  migra- 
t i o n  f u n c t i o n s .  The s y n t h e s i s  and e x t e n s i o n  o f  m i g r a t i o n  t h e o r y  
a l s o  b e l o n g s  t o  t h i s  s u b t a s k .  'Ie a r e  conv inced  t h a t  good econo- 
metric model ing r e q u i r e s  a  good u n d e r l y i n g  t h e o r y .  Hence, model 
and t h e o r y - b u i l d i n g  a r e  i n t i m a t e l y  r e l a t e d .  
The t h i r d  s u b t a s k  o f  t h i s  m i g r a t i o n  and s e t t l e m e n t  t a s k  i s  
r e l a t e d  t o  p o l i c i e s .  F i r s t ,  it s t u d i e d  t h e  i n d i v i d u a l  and s o c i a l  
consequences  o f  m i g r a t i o n .  F o r  it is  t h e  d e v i a t i o n  between i n -  
d i v i d u a l  w e l f a r e  and s o c i a l  w e l f a r e  t h a t  i s  t h e  r a t i o n a l e  f o r  
government i n t e r v e n t i o n .  Second,  i t  l o o k s  a t  t h e  methodology,  
o r  m a t h e m a t i c a l  model ing o f  p o l i c i e s .  The pa rad igm used i s  t h a t  
of T inbergen  deve loped  f o r  t h e  s t u d y  o f  q u a n t i t a t i v e  economic 
p o l i c i e s .  E x t e n s i o n s  o f  t h i s  pa rad igm t o  dynamic p o l i c i e s  have 
been i n v e s t i g a t e d .  They draw h e a v i l y  on m a t h e m a t i c a l  sys tems  
t h e o r y  and t h e  t h e o r y  o f  o p t i m a l  c o n t r o l .  
The f o u r t h  s u b t a s k  i s  a  c o m p a r a t i v e  s t u d y .  I t  was s e t  up 
t o  promote  c o l l a b o r a t i o n  between IIASA and n a t i o n a l  i n s t i t u t i o n s .  
I n  e a c h  o f  t h e  1 7  member n a t i o n s  o f  IIASA we have now s c i e n t i s t s  
working w i t h  u s  on t h e  c o m p a r a t i v e  s t u d y  o f  i n t e r n a l  m i g r a t i o n  
p a t t e r n s  and m i g r a t i o n  p o l i c i e s .  A s  p a r t  o f  t h i s  c o m p a r a t i v e  
s t u d y ,  a  d a t a  bank is  b e i n g  set up,  and  s t a n d a r d  computer programs 
have  been  w r i t t e n  t o  a n a l y z e  t h e  d a t a .  The computer  programs 
p e r f o r m  t h e  f o l l o w i n g  t a s k s :  
- Computat ion o f  m u l t i r e g i o n a l  l i f e  t a b l e s .  
- P r o j e c t i o n  o f  m u l t i r e g i o n a l  p o p u l a t i o n  s y s t e m s  
( m u l t i r e g i o n a l  c o h o r t - s u r v i v a l  m o d e l ) .  
- A n a l y s i s  o f  c h a r a c t e r i s t i c s  o f  s t a b l e  popula-  
t i o n s  ( i .e .  long-run i m p a c t s  o f  c u r r e n t  demo- 
g r a p h i c  b e h a v i o r ) .  
- E s t i m a t i o n  o f  a g e - s p e c i f i c  p o p u l a t i o n  d a t a  when 
a v a i l a b l e  d a t a  a r e  i n a d e q u a t e  o r  i n c o m p l e t e .  
- S i m u l a t i o n  o f  m u l t i r e g i o n a l  p o p u l a t i o n  growth 
under  a l t e r n a t i v e  s c e n a r i o s .  
The f o u r t h  and newest  t a s k  i n  t h e  Human S e t t l e m e n t s  and 
S e r v i c e s  Area i s  c a l l e d  P o p u l a t i o n ,  Resources ,  and  Growth. T h i s  
t a s k  s t a r t e d  a t  t h e  b e g i n n i n g  of  t h i s  y e a r  and r e s u l t e d  from t h e  
f o l l o w i n g  o b s e r v a t i o n s :  
- Unpreceden ted ly  h i g h  r a t e s  o f  p o p u l a t i o n  growth 
i n  t h e  world;  
- Massive r u r a l  t o  u rban  m i g r a t i o n ,  p a r t i c u l a r l y  i n  
d e v e l o p i n g  c o u n t r i e s ;  
- The i n a b i l i t y  o f  f e r t i l i t y  p o l i c y  t o  r e d u c e  t h e  
e x c e s s i v e  u r b a n i z a t i o n  and hence t h e  a s s o c i a t e d  
problems o f  urban unemployment and h o u s i n g  and 
t h e  p r o v i s i o n  o f  p u b l i c  goods and s e r v i c e s ;  i n  
s h o r t ,  t h e  problem o f  underdevelopment .  
The purpose  o f  t h i s  r e s e a r c h  a c t i v i t y  i s  t o  examine t h e  p r i n -  
c i p a l  i n t e r r e l a t i o n s h i p s  between p o p u l a t i o n ,  r e s o u r c e s ,  and 
development .  I t  i s  i n  t h e  s t u d y  o f  t h e s e  i n t e r r e l a t i o n s h i p s  t h a t  
IIASA's s t r u c t u r e  i s  most f u l l y  u t i l i z e d ,  s i n c e  t h e  c o o p e r a t i o n  
between t h e  s e v e r a l  Research  Areas  o f  IIASA i s  a  p r e r e q u i s i t e  
f o r  t h e  s u c c e s s  of  t h i s  s t u d y .  
DISCUSSION 
P r o f e s s o r  Wasserman asked  whether  t i m e  series a n a l y s i s  had 
been employed t o  s t u d y  t h e  t i m e  l a g s  between changes i n  GNP and 
b i r t h  r a t e  and whether  t h e  e f f e c t s  o f  employment on f e r t i l i t y  
had been looked a t .  D r .  Wil lekens  s a i d  t h a t  t h e  former  e f f e c t s  
had been s t u d i e d  and t h a t  t h e  g e n e r a l  r e s u l t  was t h a t  f o l l o w i n g  a  
rise i n  GNP t h e r e  is f i r s t  a  d r o p  i n  d e a t h  r a t e  and t h e n ,  l a t e r  
on a  d r o p  i n  b i r t h  r a t e .  The e f f e c t s  o f  unemployment on f e r t i l i t y  
t e n d e d  t o  be o f  t o o  s h o r t  a  t i m e  s c a l e  t o  be r e l e v a n t  t o  t h e s e  
s t u d i e s ;  on t h e  o t h e r  hand t h e  e f f e c t  on m i g r a t i o n  was r e l e v a n t .  
The Development of  t h e  Na t iona l  Heal th 
Care System Model a t  IIASA 
E.N. Shigan 
I n  working on ou r  HCS model, we have been cons ide r ing  it a s  
a  complex of s e v e r a l  consecu t ive  submodels. For  t h e  cons t ruc-  
t i o n  of  t h e s e  submodels, s h o r t  l is ts  of parameters  have been used. 
For  example, f o r  t h e  "popula t ion"  submodel, two parameters--age 
and sex--were used; preva lence  was t h e  only parameter  used f o r  t h e  
" h e a l t h "  submodel. 
Thus, a s  a  f i r s t  s t e p  we p l an  t o  ex tend  t h e  l i s t  of parame- 
t e r s  f o r  each submodel. For example, i n  t h e  " p ~ p u l a t i o n ~ ~  sub- 
model, we w i l l  i nc lude  such d a t a  a s  "u rban / ru ra l  popu la t i on" ,  
" d e n s i t y " ,  e t c .  These parameters  a r e  very  impor t an t ,  e s p e c i a l l y  
from t h e  p o i n t  of view of r e sou rce  supply .  
The "preva lence"  submodel was c r e a t e d  on t h e  b a s i s  of cancer  
and c a r d i o v a s c u l a r  d i s e a s e  d a t a .  Therefore  o u r  second s t e p  w i l l  
be t o  t e s t  t h i s  submodel w i th  d i f f e r e n t  d i s e a s e  d a t a .  For  t h i s  
purpose,  s t a t i s t i c a l  m a t e r i a l  from t h e  r e s e a r c h  i n v e s t i g a t i o n s  
i n  d i f f e r e n t  c o u n t r i e s  (Bu lga r i a ,  F in l and ,  Japan,  t h e  USSR, e t c . )  
w i l l  be used. 
The r e sou rce  problem ho lds  a  very impor tan t  p o s i t i o n  i n  t h e  
IIASA model. F i r s t  of a l l ,  t h e r e  a r e  d i f f e r e n t  p r i n c i p l e s  f o r  
e s t i m a t i n g  r e sou rce  demand ( p h y s i c i a n s ,  paramedical  personnel ,  
beds ,  e t c . ) .  They a l l  have p o s i t i v e  and n e g a t i v e  a s p e c t s ,  com- 
mon and s p e c i f i c  p a r t s .  Therefore ,  i n  t h e  cou r se  of our  e labora-  
t i o n  of  t h i s  submodel, many d i f f e r e n t  approaches must be summa- 
r i z e d .  
The " r e sou rces"  submodel i s  t h e  t h i r d  t a s k  of ou r  common work. 
Th i s  submodel is  very c l o s e l y  connected wi th  t h e  e x t e r n a l  systems.  
For  t h i s  reason ,  du r ing  t h e  e l a b o r a t i o n  of t h e  " r e sou rces"  sub- 
model we must t a k e  i n t o  c o n s i d e r a t i o n  some p o i n t s  concern ing  t h e  
d i f f e r e n t  s i t u a t i o n s  e x i s t i n g  i n  developed and developing coun- 
t r i e s .  We must a l s o  remember t h a t  t h e  problem of r e sou rce  supply 
depends n o t  on ly  on t h e  "developed-developing" s i t u a t i o n ,  b u t  a l s o  
on t h e  d i f f e r e n t  p u b l i c  h e a l t h  p r i n c i p l e s - - " s t a t e M ,  " s o c i a l i s t i c " ,  
" i n su rance" ,  " p r i v a t e " ,  "mixed" (F igu re  1 ) . Therefore  f o u r t h l y  
we p l an  t o  g e n e r a l i z e  t h e  d i f f e r e n t  approaches o r ,  i f  t h i s  proves 
imposs ib le ,  t o  e l a b o r a t e  computerized models f o r  each  of  them. 
Th i s  w i l l  r e q u i r e  us  t o  s tudy  t h e  impact of  socio-economic fac-  
t o r s  on t h e  HCS and D r .  F l e i s s n e r  w i l l  o u t l i n e  l a t e r  i n  t h i s  r e p o r t  







Figure 1 .  Development of the N H C  S Model. 
Since  o f f i c i a l  n a t i o n a l  d a t a  a r e  i n s u f f i c i e n t  f o r  t h e  model- 
i n g  p roces s ,  s p e c i a l  a t t e n t i o n  w i l l  be pa id  t o  d i f f e r e n t  d i s t r i c t  
experiments  i n  some c o u n t r i e s .  Such experiments  a r e  c u r r e n t l y  being 
conducted i n  Gabrovo ( B u l g a r i a ) ,  Devon (United Kingdom), On ta r io  
and Quebec (Canada) .  Thus, a s  our  f i f t h  s t e p ,  we p l an  t o  work 
t o g e t h e r  w i th  n a t i o n a l  teams t o  g e n e r a l i z e  t h e  r e s u l t s  of such ex- 
per iments  and t o  s e l e c t  commonly accep tab l e  p a r t s  (F igure  2 )  . 
Taking i n t o  account  t h e  g r e a t  importance of t h e  i n f e c t i o u s  
d i s e a s e  model, we have a l r eady  begun t o  g a t h e r  d a t a  on t h e  d i f f e r -  
e n t  exper ience  i n  t h i s  f i e l d .  However, it i s  c l e a r  t h a t  IIASA's 
sma l l  biomedical  group w i l l  be a b l e  t o  c a r r y  o u t  t h i s  l a r g e - s c a l e  
i n v e s t i g a t i o n  only  by working i n  very c l o s e  c o n t a c t  w i th  n a t i o n a l  
teams, WHO, and o t h e r  i n t e r n a t i o n a l  o r g a n i z a t i o n s .  
Figure: 2. I)evc:loprncnt of IIASA biomc:dic:al group contacts with other 
national and international organk~ations. 
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C o l l a b o r a t i o n  Between IIASA and 
N a t i o n a l  Centers--a  D i s c u s s i o n  
P r o f e s s o r  McDonald asked  whether  t h e  IIASA team would be 
i n t e r e s t e d  i n  r e c e i v i n g  d e t a i l s  of  n a t i o n a l  o r  d i s t r i c t  p l a n s  
from some of  t h e  n a t i o n a l  c e n t e r s  and a n a l y z i n g  and comparing 
them. P r o f e s s o r  Shigan s a i d  t h a t  he  would b e  v e r y  i n t e r e s t e d  i n  
t h i s  and t h a t  he  was a l r e a d y  t a k i n g  s t e p s  t o  compare p l a n s  f o r  
Gabrovo, Devon, Quebec, and c e r t a i n  p a r t s  o f  t h e  S o v i e t  Union. 
D r .  D i e t r i c h  s a i d  t h a t  s u c h  p l a n s  do n o t  e x i s t ,  i n  a  comprehen- 
s i v e  form, i n  t h e  FRG and i n  some o t h e r  c o u n t r i e s .  
The d i s c u s s i o n  t h e n  t u r n e d  t o  t h e  p o s s i b l e  r o l e s  o f  t h e  
IIASA team i n  p r e p a r i n g  c o l l a b o r a t i v e  p u b l i c a t i o n s  w i t h  n a t i o n a l  
c e n t e r s  and i n  a c t i n g  a s  a  c e n t r a l  c l e a r i n g  house f o r  t h e  exchange 
o f  i n f o r m a t i o n  between n a t i o n a l  c e n t e r s .  D r .  F l e i s s n e r  reminded 
p a r t i c i p a n t s  t h a t  IIASA had made a  s t a r t  on t h i s  t a s k  w i t h  t h e  
rev iew a n a l y s i s  ( o f  n a t i o n a l  HCS models ( s e e  l a t e r ) .  P r o f e s s o r  
Shigan s a i d  t h a t  IIASA c o u l d  t a k e  on a  l i m i t e d  r o l e  i n  t h e  ex- 
change o f  i n f o r m a t i o n  b u t  t h a t  i t  c o u l d  n o t  a f f o r d  t o  d e v o t e  a  
l a r g e  p r o p o r t i o n  o f  t h e  s m a l l  amount o f  t h e  p r o j e c t ' s  r e s o u r c e s  
t o  i t .  D r .  ~ a r o  p o i n t e d  o u t  t h a t  WHO had once a t t e m p t e d  t o  t a k e  
on an  open-ended commitment i n  t h e  exchange o f  i n f o r m a t i o n  b u t  
had been f o r c e d  t o  abandon t h e  t a s k  because  t h e  l i s t  o f  p a r -  
t i c i p a t i n g  c e n t e r s  had become t o o  long .  P r o f e s s o r  Atsumi, f o r  
J a p a n ,  D r .  D i e t r i c h ,  f o r  FRG, and D r .  Goldberg,  f o r  t h e  T e c h n i c a l  
Committee f o r  I.ledica1 A p p l i c a t i o n  of  I F I P  (TC4), d e s c r i b e d  o t h e r  
a g e n c i e s  who w e r e  a c t i v e l y  exchanging  i n £  o rmat ion .  
P r o f e s s o r  Shigan t h e n  d e s c r i b e d  some a s p e c t s  o f  t h e  c u r r e n t  
r e s e a r c h  p l a n  f o r  t h e  IIASA b i o m e d i c a l  p r o j e c t .  Because t h e  
b u d g e t  p e r m i t t e d  o n l y  a  s m a l l  c o r e  group a t  IIASA it was e s s e n -  
t i a l  f o r  t h i s  g roup  t o  work i n  c l o s e  c o l l a b o r a t i o n  w i t h  n a t i o n a l  
c e n t e r s .  T h i s  c o l l a b o r a t i o n  would t a k e  a  number o f  d i f f e r e n t  
forms.  F i r s t l y ,  members o f  n a t i o n a l  teams would come t o  j o i n  t h e  
IIASA team f o r  s h o r t  p e r i o d s  o f  up t o  3 months. IIASA would t r y  
t o  i n v i t e  people  w i t h  s p e c i a l  e x p e r t i s e  i n  c e r t a i n  r e l e v a n t  f i e l d s ,  
such a s  r e s o u r c e  a l l o c a t i o n ,  socio-economic i n f l u e n c e s ,  r e g i o n a l  
p l a n n i n g ,  e t c .  Secondly,  some p e o p l e  would be i n v i t e d  under  WHO 
f e l l o w s h i p s ,  e . g .  some members o f  t h e  Gabrovo p r o j e c t  team. 
T h i r d l y  n a t i o n a l  teams were b e i n g  i n v i t e d  t o  a d j u s t  t h e i r  own 
r e s e a r c h  programs i n  ways which would a s s i s t  t h e  IIASA program. 

C o o r d i n a t i o n  o f  S c i e n t i f i c  S t u d i e s  
Undertaken by IIASA and USSR N a t i o n a l  Teams 
Y .  Liachenkov 
W e  a r e  c u r r e n t l y  d i s c u s s i n g  t h e  s u b j e c t  o f  c o l l a b o r a t i o n  i n  
t h e  f i e l d  o f  n a t i o n a l  h e a l t h  c a r e  sys tem modeling. The f i r s t  
g o a l  o f  t h e  f u t u r e  c o n f e r e n c e  t o  be sponsored  by WHO and IIASA 
i s  t o  b r i n g  t o g e t h e r  d i f f e r e n t  g roups  o f  s c i e n t i s t s  working on 
NHCS model ing.  The c o o r d i n a t i o n  and c o l l a b o r a t i o n  o f  o u r  work 
i s  v e r y  i m p o r t a n t  f o r  t h e  f o l l o w i n g  r e a s o n s :  
- Systems a n a l y s i s  i s  c u r r e n t l y  b e i n g  deve loped  i n  
s e v e r a l  c o u n t r i e s .  
- I n  o r d e r  t o  a c h i e v e  good r e s u l t s  i n  e v e r y  c o u n t r y ,  
it i s  n e c e s s a r y  t o  change t h e  i n f o r m a t i o n  method- 
o logy  f o r  c o o r d i n a t i n g  o u r  e f f o r t s .  
- The s o l u t i o n  of t h e  g l o b a l  problem w i l l  b e  impos- 
s i b l e  w i t h o u t  t h e  p a r t i c i p a t i o n  o f  a l l  c o u n t r i e s .  
I would l i k e  t o  s u g g e s t  a  long-term program (3-5 y e a r s )  a s  
a  framework f o r  HCS modeling a t  IIASA from t h e  USSR, and e x p r e s s  
my o p i n i o n  c o n c e r n i n g  t h e  f o r  c a r r y i n g  o u t  t h i s  
long-term program. There  a r e  many c l a s s i c a l  methods f a r  t h e  coor -  
d i n a t i o n  o f  any problem. I n  t h i s  s i t u a t i o n ,  it i s  i n t e r e s t i n g  t o  
u s e  t h e  m a t r i x  s t r u c t u r e  o f  IIASA t o  d e m o n s t r a t e  t h e  i n t e r a c t i o n s  
between t h e  main t r e n d s  o f  HCS a t  IIASA and t h e  n a t i o n a l  s c i e n -  
t i f i c  works o f  t h e  USSR (see F i g u r e  1 ) .  
H o r i z o n t a l l y ,  we may a r r a n g e  t h e  main t r e n d s  o f  HCS a t  IIASA: 
- Model o f  t h e  p l a n n i n g  p r o c e s s .  
- Model o f  t h e  p r e s e n t  h e a l t h  s i t u a t i o n  o f  t h e  
p o p u l a t i o n .  
- Model o f  p o p u l a t i o n  demands on d i f f e r e n t  medica l  
s e r v i c e s .  
- Hodel o f  t h e  p l a n n i n g  p r o c e s s  f o r  t h e  development  
o f  medica l  s c i e n c e .  
- P l a n n i n g  and d i s t r i b u t i n g  r e s o u r c e s .  
- Model o f  t h e  r e l a t i o n s  o f  HCS r a t e s  ( m o r b i d i t y ,  
p r e v a l e n c e ,  e tc . )  w i t h  t h e  environment .  
Figure 1. Matrix interactions between the main trends of  HCS at IIASA 
and the national scientific work of the USSR. 
V e r t i c a l l y ,  we may a r r a n g e  t h e  main t r e n d s  o f  USSR model ing 
o f  HCS. I n  such a  way, it i s  p o s s i b l e  t o  d e t e r m i n e  t h e  respon-  
s i b i l i t y  a t  t h e  n a t i o n a l  l e v e l .  I n  t h e  USSR, t h e  r e s p o n s i b i l i t y  
f o r  model ing t h e  h e a l t h  c a r e  sys tem i s  conduc ted  by t h e  S c i e n t i f i c  
C o u n c i l  o f  Systems A n a l y s i s  i n  Bio logy  and Medicine under  t h e  
s u p e r v i s i o n  o f  P r o f e s s o r  Venedictov.  A t  t h e  i n t e r n a t i o n a l  l e v e l ,  
t h e  r e s p o n s i b i l i t y  o f  model ing t h e  main t r e n d s  o f  t h e  h e a l t h  c a r e  
sys tem a t  IIASA may be conduc ted ,  o f  c o u r s e ,  by t h e  b i o m e d i c a l  
l e a d e r  t o g e t h e r  w i t h  h i s  team (see F i g u r e  2 ) .  
I Methodology -1 IMehods, Medical Information System, etc.1 
Feedback 
Figure 2. Block scheme of the scientific planning process. 
With t h e  h e l p  of  t h i s  m a t r i x ,  it i s  p o s s i b l e  t o  p l a n  a  
long-term program f o r  t h e  b iomedica l  group f o r  f i v e  y e a r s  from 
t h e  USSR. A f t e r  t h a t ,  it w i l l  be  n e c e s s a r y  t o  o r g a n i z e  a l l  o u r  
e f f o r t s  and a c t i v i t i e s  and ,  t hen  a s s e s s  t h e  e f f e c t i v e n e s s  o f  o u r  
c o l l a b o r a t i o n .  Feedback from t h i s  e f f e c t i v e n e s s  i n f l u e n c e s  t h e  
p l an n ing  p r o c e s s  and a l l  t h r e e  ( p l ann ing  p r o c e s s ,  o r g a n i z a t i o n ,  
and e f f e c t i v e n e s s )  depend on t h e  v a r i o u s  methodolog ies ,  medica l  
i n fo rma t ion  sys tems ,  e t c .  
I would l i k e  t o  p ropose  s i m i l a r  m a t r i x  i n t e r r e l a t i o n s  between 
t h e  main t r e n d s  of HCS a t  IIASA and t h e  n a t i o n a l  s c i e n t i f i c  works 
of v a r i o u s  c o u n t r i e s  ( s e e  F i g u r e  3 ) .  H o r i z o n t a l l y ,  a s  i n  t h e  
f i r s t  c a s e ,  w e  may a r r a n g e  t h e  main t r e n d s  o f  HCS a t  IIASA. V e r -  
t i c a l l y ,  we may a r r ange  t h e  n a t i o n a l  s c i e n t i f i c  works of  v a r i o u s  
c o u n t r i e s .  The o b j e c t  i s  an  improvement i n  t h e  methodology o f  
i n t e r n a t i o n a l  coope ra t i on  of  HCS modeling a t  IIASA. The t a s k s  
a r e  t h e  d e t e r m i n a t i o n  of n a t i o n a l  e f f o r t s  i n  t h e  p r o j e c t  and t h e  
c a r r y i n g  o u t  of t h e  framework of  HCS a t  IIASA t o  e v a l u a t e  t h e  
development  of t h i s  p r o j e c t  f o r  1977-1981. 
Figirc '4 .  Matrix ir~t~:rec:tions hc:twc:c:n thr: main trends of HCS at  IlASA and the national 
scic:ntil'ic: works of somt: c:ountrics. 
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F u t u r e  Research  Programs--a D i s c u s s i o n  
(E.N. Sh igan)  
INTRODUCTION 
The t a s k  "Modeling t h e  h e a l t h  c a r e  s y s t e m "  i s  a  v e r y  b road ,  
c o n t i n u o u s  p r o j e c t  t h a t  c a n  b e  deve loped  i n  s e v e r a l  d i r e c t i o n s .  
- W e  a r e  c u r r e n t l y  working on t h e  model a t  t h e  
n a t i o n a l  l e v e l .  T h e r e f o r e ,  it i s  p o s s i b l e  t o  
p r o c e e d  t o  m e d i c a l  e s t a b l i s h m e n t ,  d i s t r i c t ,  
r e g i o n a l ,  and g l o b a l  model ing.  
- The model w e  a r e  b u i l d i n g  a t  IIASA is a  g e n e r a l  
h e a l t h  c a r e  model t h a t  c o v e r s  a l l  k i n d s  o f  HCS. 
S e c t o r  h e a l t h  c a r e  model ing (mode l ing  o f  t u b e r -  
c u l o s i s ,  c a r d i o v a s c u l a r  d i s e a s e s ,  s e r v i c e s ,  e t c . )  
is a  p o s s i b l e  r e s e a r c h  program f o r  t h e  f u t u r e .  
- I n  t h e  development  o f  t h e  HCS model,  a  s h o r t  l i s t  
o f  t h e  most i m p o r t a n t  p a r a m e t e r s  was i n c l u d e d .  
Thus,  one  p o s s i b l e  d i r e c t i o n  f o r  d e v e l o p i n g  t h e  
model c o u l d  be  d e s c r i b i n g  e a c h  b l o c k  o f  t h e  model 
i n  g r e a t e r  d e t a i l .  
- The development  depends  on t h e  t y p e  o f  i n f o r m a t i o n ,  
t h e  l i s t  o f  p a r a m e t e r s  r e q u i r e d ,  and t h e  m e d i c a l  
i n f o r m a t i o n  sys tem f o r  e a c h  h i e r a r c h i c a l  l e v e l  o f  
t h e  sys tem.  
- Another  p o s s i b i l i t y  f o r  f u t u r e  r e s e a r c h  would b e  
t o  work t o g e t h e r  w i t h  o t h e r  Areas  and Programs on 
s u b j e c t s  o f  common i n t e r e s t  ( e .g .  a l c o h o l i s m ,  
problems o f  t h e  a g e d ,  e t c .  ) . 
OTHER SUGGESTIONS FOR FUTURE RESEARCH PROGRAIIE 
B e f o r e  g i v i n g  your  o p i n i o n s ,  p l e a s e  c o n s i d e r  t h e  f o l l o w i n g  
b a s i c  p r i n c i p l e s :  
- W e  s h o u l d  work on p rob lems  o f  i n t e r n a t i o n a l  
i n t e r e s t .  Problems s p e c i f i c  t o  one c o u n t r y  
c a n  be s t u d i e d  by  t h e  n a t i o n a l  c e n t e r .  
- ~ l t h o u g h  t h e  c o r e  of sys tems  a n a l y s i s  methodology 
i s  t h e  mathemat ica l  model, n o t  a l l  medica l  prob- 
l e m s  can  be s o l v e d  by means of  mathemat ics .  
- The i n t e r d i s c i p l i n a r y  approach s h o u l d  p l a y  an  
i m p o r t a n t  r o l e  i n  f u t u r e  r e s e a r c h  programs.  
- The r e s e a r c h  program must be  o r i e n t e d  t o  d e f i n e d  
u s e r s .  
- I n  f u t u r e  r e s e a r c h  programs t h a t  can  be f u l f i l l e d  
t o g e t h e r  w i t h  o t h e r  Areas  and Programs,  t h e  medica l  
a s p e c t  must p l a y  a  l e a d i n g  r o l e .  
DISCUSSION 
The d i s c u s s i o n  c e n t e r e d  on whether  t h e  IIASA p r o j e c t  s h o u l d  
b e  d i r e c t e d  a t  i n d i v i d u a l  h e a l t h  c a r e  s e c t o r s ,  e . g .  t h e  t r e a t -  
ment o f  c a n c e r  o r  o f  c a r d i o v a s c u l a r  d i s e a s e ,  o r  t h e  more g e n e r a l  
problems r e l a t i n g  t o  t h e  h e a l t h  c a r e  sys tem a s  a  whole.  P r o f e s s o r  
Sh igan  s t a t e d  a  p r e f e r e n c e  f o r  t h e  l a t t e r .  There  was g e n e r a l  
agreement  on t h i s  p o i n t  a l t h o u g h  some s p e a k e r s  s t r e s s e d  t h e  i m -  
p o r t a n c e  of i n c l u d i n g  w i t h i n  t h e  g e n e r a l  scheme c e r t a i n  s p e c i f i c  
t o p i c s :  p r e v e n t i o n ,  s c r e e n i n g ,  e n v i r o n m e n t a l  e f f e c t s ,  i n f o r m a t i o n  
s y s t e m s ,  and t h e  c a r e  o f  t h e  e l d e r l y .  
S u g g e s t i o n s  f o r  F u t u r e  Work on t h e  
I n f l u e n c e  of Socio-Economic F a c t o r s  on H e a l t h  C a r e  
P.  F l e i s s n e r  
I n  t h i s  b r i e f  expos6 a  long- term r e s e a r c h  program on t h e  
i n f l u e n c e  o f  socio-economic f a c t o r s  on t h e  h e a l t h  c a r e  sys tem i s  
s u g g e s t e d .  
Up t o  now IIASA's h e a l t h  c a r e  m o d e l s ' d i d  n o t  t a k e  i n t o  
a c c o u n t  t h e  socio-economic s i t u a t i o n  o f  a  c o u n t r y .  The models 
d e a l t h  w i t h  s e x ,  a g e ,  and d i a g n o s i s  o n l y ,  n o t  r e f l e c t i n g  d i f f e r -  
e n t  h e a l t h  s t a t u s ,  h e a l t h  c a r e  usage  and h e a l t h  c a r e  p o l i c i e s  
f o r  d i f f e r e n t  s o c i a l  s t r a t a .  IIASA s h o u l d  p roceed  more d e e p l y  
a l o n g  t h e  socio-economic l i n e s  o f  i n v e s t i g a t i o n  t o  f i n d  o u t  t h e  
q u a n t i t a t i v e  i n f l u e n c e  o f  t h e  s o c i a l  and economic background o f  
c e r t a i n  g r o u p s  o f  p o p u l a t i o n .  By comparing t h e  socio-economic 
f a c t o r s  p e r t a i n i n g  t o  p o p u l a t i o n  g r o u p s  w i t h  t h e  h e a l t h  c a r e  
s u p p l y  o f f e r e d  t o  them one  c a n  b e g i n  t o  e v a l u a t e  t h e  s c o p e  and 
p o s s i b l e  r e s u l t s  o f  r e f o r m s  w i t h i n  t h e  HCS. There  i s  some e v i -  
d e n c e ,  e s p e c i a l l y  f o r  t h e  i n c i d e n c e  o f  c h r o n i c  i l l n e s s e s ,  mor- 
t a l i t y ,  and l i f e - e x p e c t a n c y ,  t h a t  t h e s e  i n d i c a t o r s  a r e  much more 
d e t e r m i n e d  by socio-economic f a c t o r s  t h a n  by h e a l t h  c a r e  i n s t i -  
t u t i o n s .  
T a b l e  1 s u g g e s t s  f o u r  s t a g e s  t h r o u g h  which a  r e s e a r c h  p r o -  
gram i n  t h i s  f i e l d  c o u l d  p r o c e e d .  
T a b l e  1 .  
1. Socio-economic f a c t o r s :  Def in i t ions  and 
methodological framework. 
2 .  Inf luence on Health S t a t u s  and Mortal i ty  
- Mortal i ty  ( i n f a n t ,  by age,  by cause)  
- Morbidity--hospital s t a t i s t i c s ,  s i c k  
leave ,  screening 
3 .  Inf luence on the  usage of Medical Care 
- Usage r a t e  ( M D ,  d e n t i s t ,  h o s p i t a l ,  
screening)  
- Costs 
4.  Inf luence on the  A v a i l a b i l i t y  of Resources 
(Mark F i e l d ' s  ca tegor ies :  a r t i c l e  on US/IlSSR 
comparisons) 
DISCUSSION 
Three p a r t i c i p a n t s  d e s c r i b e d  s t u d i e s  t h a t  have produced d a t a  
p o t e n t i a l l y  u s e f u l  f o r  t h e  t y p e  o f  a n a l y s i s  t h a t  D r .  F l e i s s n e r  
had d e s c r i b e d .  D r .  ~ a r o  d e s c r i b e d  t h e  ?7AO/ICS-flCU s t u d y ,  D r .  
Rousseau d e s c r i b e d  h i s  own Kedics  sys tem,  and D r .  Goldberg de-  
s c r i b e d  some s t u d i e s  i n  France .  Each s p e a k e r  s u g g e s t e d  how D r .  
F l e i s s n e r  might  b e  a b l e  t o  g a i n  a c c e s s  t o  t h e  d a t a .  
D r .  ~ a r o  warned of  t h e  d a n g e r s  o f  s t a r t i n g  a  sys tem s t u d y  
w i t h  a  l a r g e  d a t a  c o l l e c t i o n  e x e r c i s e ,  a s  had been t h e  c a s e  w i t h  
t h e  WHO/ICS-MCU s t u d y .  I t  was a lways  b e t t e r  t o  s t a r t  w i t h  a  
model and t o  c o n s i d e r  c o n c e p t u a l l y  what t h e  key e l e m e n t s  of  t h e  
s y s t e m  might  b e  and t h e n  t o  c o n c e n t r a t e  t h e  d a t a  c o l l e c t i o n  
a c t i v i t y  on t h e s e  e l e m e n t s .  P r o f e s s o r  Sh igan  c o n c u r r e d  and s a i d  
t h a t  t h i s  was t h e  approach b e i n g  adopted  a t  IIASA. 
The d i s c u s s i o n  t h e n  t u r n e d  t o  t h e  d i f f e r e n c e s  i n  t h e  HCS 
o f  d i f f e r e n t  c o u n t r i e s  and whether  d i f f e r e n t  models would b e  
a p p r o p r i a t e  i n ,  s a y ,  p r i v a t e  i n s u r a n c e  b a s e d  s y s t e m s  and cen- 
t r a l l y  p lanned  systems.  P r o f e s s o r  Sh igan  s a i d  t h a t  t h e  IIASA 
approach  was, a t  t h e  f i r s t  s t a g e  a t  l e a s t ,  t o  s e a r c h  f o r  t h e  
u n i v e r s a l  f e a t u r e s  i n  d i f f e r e n t  sys tems .  D r .  Rousseau s p e c u l a t e d  
t h a t  t h e  u n d e r l y i n g  d i f f e r e n c e s  between p r i v a t e  and s o c i a l i z e d  
sys tems  might  n o t  b e  a s  g r e a t  a s  t h e y  appeared  on t h e  s u r f a c e  
and t h a t  more i m p o r t a n t  d i f f e r e n c e s  might  a r i s e  between s i t u a -  
t i o n s  of  s a t u r a t e d  and n o n - s a t u r a t e d  h e a l t h  s e r v i c e  consumption. 
D r a f t  Agenda 
"Modeling Health Care Systemsn Conference 
sponsored  by 
IIASA, WHO, and National Centers 
November 1 9 7 7  
1 .  To b r i n g  t o g e t h e r  d i f f e r e n t  g roups  and 
s c i e n t i s t s  working i n  t h e  f i e l d  o f  
n a t i o n a l  h e a l t h  c a r e  system model ing.  
2 .  To f a m i l i a r i z e  t h e s e  s c i e n t i s t s  w i t h  
o t h e r  s t u d i e s  b e i n g  conducted i n  
n a t i o n a l  h e a l t h  c a r e  sys tem model ing.  
3 .  To d e m o n s t r a t e  t h e  s t a t e - o f - t h e - a r t  i n  
n a t i o n a l  h e a l t h  c a r e  sys tem model ing i n  
IIASA, WHO, and d i f f e r e n t  c o u n t r i e s .  
4.  To d i s c u s s  q u e s t i o n s  o f  management. 
1 .  I n t r o d u c t i o n  
- D e f i n i t i o n  
- H i s t o r y  
- Systems a n a l y s i s  i n  n a t i o n a l  h e a l t h  c a r e  
2 .  Decis ionmaking P r o c e s s  a t  t h e  N a t i o n a l  L e v e l  
- I d e n t i f i c a t i o n  of  t h e  problems 
- N a t i o n a l  s t a t i s t i c s  ( " r o u t i n e " )  
- Meaning o f  r e s e a r c h  i n f o r m a t i o n  
- Pledical i n f o r m a t i o n  sys tems  
- Models and t h e i r  meanings 
- T r a i n i n g  o f  d e c i s i o n m a k e r s  
3.  Modeling o f  N a t i o n a l  H e a l t h  Care  Systems 
- F o r e c a s t i n g  p o p u l a t i o n  dynamics 
- Modeling o f  h e a l t h  
( m o r t a l i t y ,  m o r b i d i t y ,  i n v a l i d i t y ,  i n t e g r a t i o n  o f  
h e a l t h  components) 
- Resource a l l o c a t i o n  
4 .  I n t e r r e l a t i o n  o f  t h e  N a t i o n a l  H e a l t h  Care  System Model 
w i t h  O t h e r s  
- Socio-economic s y s t e m  
( t o p o l o g y  of  t h e  h e a l t h  c a r e  sys tems ;  deve loped  
and d e v e l o p i n g  c o u n t r i e s )  
- Envi ronmenta l  s y s t e m  
- S c i e n c e  
- I n t e r r e l a t i o n  o f  t h e  g e n e r a l  and s e c t o r  h e a l t h  
c a r e  s y s t e m  models 
- I n t e r r e l a t i o n  o f  t h e  g l o b a l ,  r e g i o n a l ,  and d i s -  
t r i c t  h e a l t h  c a r e  sys tems  
5. Q u e s t i o n s  o f  Management 
D r a f t  Agenda f o r  t h e  November 1 9 7 7  Conference  on 
!S 
The d r a f t  agenda was d i s c u s s e d .  D r .  Haro s t r e s s e d  t h e  
i m p o r t a n c e  o f  d e f i n i n g  more f u l l y  t h e  meaning o f  some of  t h e  
i t e m s  on t h e  agenda.  P r o f e s s o r  Sh igan  s u g g e s t e d  t h a t  t h e  WHO 
g l o s s a r y  p r o v i d e d  a p p r o p r i a t e  d e f i n i t i o n s .  
D r .  Rousseau a s k e d  a b o u t  i t e m  2 ,  "The Decis ionmaking P r o c e s s  
a t  t h e  N a t i o n a l  Leve l" .  P r o f e s s o r  Sh igan  e x p l a i n e d  t h a t  h e  i n -  
t ended  t h a t  s p e a k e r s  from d i f f e r e n t  c o u n t r i e s  s h o u l d  d e s c r i b e  
how t h i s  p r o c e s s  o p e r a t e s  i n  t h e i r  own c o u t n r i e s  and shou ld  a t -  
tempt  t o  s t r u c t u r e  t h e i r  t a l k s  around t h e  h e a d i n q s  i n  t h e  d r a f t  
agenda and t h e  schema proposed  i n  t h i s  p a p e r  (see F i g u r e  3 ) .  
I t  was a g r e e d  t h a t  p a r t i c i p a n t s  would c o n s i d e r  t h e  d r a f t  
agenda f u r t h e r  a f t e r  r e t u r n i n g  t o  t h e i r  n a t i o n a l  c e n t e r s  and send  
P r o f e s s o r  Sh igan  t h e i r  s u g g e s t i o n s  a t  a  l a t e r  d a t e .  

C l o s i n g  Remarks 
E.N.  Shigan  
During t h e s e  f o u r  s e s s i o n s  we have h e a r d  some p a p e r s  from 
o u r  s m a l l  b i o m e d i c a l  team h e r e  and some v e r y  i n t e r e s t i n g  p a p e r s  
from d i f f e r e n t  c o u n t r i e s .  B e f o r e  d e c i d i n g  a b o u t  t h e  l i s t  o f  
p a r t i c i p a n t s  t o  i n v i t e ,  we s t u d i e d  t h e  l i t e r a t u r e  and c o n s u l t e d  
many p e o p l e .  Half  o f  t h e  p a r t i c i p a n t s  a r e  h e r e  a t  IIASA f o r  t h e  
f i r s t  t i m e  and I t h i n k  it i s  v e r y  good t h a t  you have  made con-  
t a c t  w i t h  u s ;  we s h a l l  m a i n t a i n  t h i s  c o n t a c t .  During t h e  d i s -  
c u s s i o n  o f  s p e c i f i c  and g e n e r a l  problems you have found t h a t  
t h e r e  i s  much i n  common i n  d i f f e r e n t  c o u n t r i e s .  And we s t r e s s  
a t t e n t i o n  t o  common problems.  Everybody  u n d e r s t a n d s  t h a t  e a c h  
c o u n t r y  has  enough problems o f  i t s  own. We d e c i d e d  a l s o  t o  work 
on n a t i o n a l  h e a l t h  c a r e  sys tem mode l ing ,  i n c l u d i n g  a l l  component 
l e v e l s - - d i s t r i c t ,  medica l  e s t a b l i s h m e n t ,  e t c .  I t  was v e r y  i m -  
p o r t a n t  f o r  o u r  b i o m e d i c a l  p r o j e c t  t h a t  we made a r rangements  
a b o u t  working on t h e  a g g r e g a t e d  model o f  NHCS. 
I n  c o n c l u s i o n  l e t  me s a y  t h a n k  you f o r  your  p a r t i c i p a t i o n ,  
thank  you f o r  h a v i n g  t a k e n  t ime  t o  v i s i t  IIASA, and I hope t o  
s e e  a l l  o f  you a t  t h e  November c o n f e r e n c e .  
APPENDIX 
L i s t  of  P a r t i c i p a n t s  
Kazuhiko ATSUMI, M. D. 
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